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Abstract: While it is widely acknowledged that carbon pricing plays an important role in driving the
transition towards a low-carbon energy system, its interaction with complementary instruments is
discussed controversially. The analysis of combining carbon pricing with complementary policies has
been mostly focused on the electricity sector, while the role of carbon pricing in the buildings sector
has received only minor interest. In view of the newly introduced carbon pricing scheme for the build-
ings and transport sector in Germany, we analyze the interactions between the carbon pricing scheme
with the existing policy instruments and assess the consistency of the policy mix for decarbonizing
the buildings sector. Our analysis finds that the introduction of carbon pricing has a reinforcing
effect on the instrument mix and adds to the consistency of the policy mix. The results highlight the
importance of complementary policies in order to achieve deep decarbonization in the buildings
sector. We conclude that carbon pricing, preferably implemented as a tax with a predictable and
increasing price level, needs to be supplemented with a powerful mix of complementary measures.

Keywords: carbon pricing; policy mix; energy transition; buildings; climate policy

1. Introduction

Carbon pricing is considered an important element of climate policy and various
schemes have been implemented by numerous countries and regions. According to the
World Bank Carbon Pricing Dashboard [1], as of September 2021 a total of 64 carbon pricing
schemes have been implemented globally, including 35 carbon taxes and 29 emissions
trading schemes. The buildings sector is frequently covered in carbon taxing schemes,
whereas only 11 emissions trading schemes cover the emissions of this sector (Beijing
ETS, California CaT, Germany ETS, Korea ETS, Quebec Cat, Saitama ETS, Shanghai pilot
ETS, Shenzhen pilot ETS, Tianjin pilot ETS, Tokyo CaT, Washington CAR). The prices
implemented in the schemes covering the buildings sector range from 0.29 EUR/t COze
to 109 EUR/t COse for carbon taxes and 3 EUR/t COse to 15 EUR/t COse for emissions
trading schemes covering the buildings sector. The range reflects the variety of prices in
the different schemes.

While the role of carbon pricing as an element of climate policy is widely acknowledged,
the need for complementary policy instruments is discussed controversially. On the one
hand, a large body of literature argues that carbon pricing provides the most efficient means
for decarbonization, with complementary measures playing a minor role mainly to correct
market failures [2-7]. On the other hand, an increasing body of literature highlights the
fundamental role of complementary policies to achieve ambitious climate targets [7-15].

While the interaction of carbon pricing with complementary policies has been studied
in the context of the energy transition in the power sector and industry [6,12,16-18], the
introduction of carbon pricing to support the transition of the buildings sector has received
only marginal interest. With the building sector being responsible for 28% of global energy-
related CO, emissions in 2019 [19], its decarbonization is essential for meeting goals of the
Paris Agreement as well as national and regional climate targets.
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The buildings sector differs in various ways from other sectors, such that the assess-
ment of the interactions between carbon pricing and complementary policies needs to
reflect its specific characteristics. Firstly, CO,-emissions from the buildings sector are
spread over a large amount of individual buildings, where a heterogeneous set of building
owners decide upon the installed heating systems and the energy efficiency of the building
envelope and where low price sensitivities prevail [20-24]. Secondly, the buildings sector
faces the challenge of “split incentives”, i.e., the distribution of costs and benefits between
landlords and tenants [25-27]. Thirdly, the buildings sector is characterized by long lifes-
pans of buildings components and low annual investment rates. Lastly, CO,-emissions
from the buildings sector show large interannual variations due to temperature differences
(warm vs. cold winters), presenting a potential challenge for implementing annual caps in
emissions trading schemes.

The goal of this article is to assess the role of carbon pricing and its interaction with
complementary policies for the decarbonization of buildings. Focusing on the example of
the newly introduced carbon pricing scheme in Germany, we analyze the interactions of
carbon pricing with the existing complementary policy instruments and assess the con-
sistency and comprehensiveness of the resulting policy mix. The German Fuel Emissions
Trading Act (Bundesemissionshandelsgesetz, BEHG) was adopted in 2019 and sets a price
on greenhouse gas (GHG) emissions from the buildings and transport sectors since January
2021 with the aim of supporting the sectors in meeting the national climate targets. As
the decarbonization of the buildings sector in Germany is covered by a variety of policy
instruments aside from the newly introduced carbon pricing scheme, it is essential to assess
the consistency of the resulting policy mix.

Our analysis uses the framework for analyzing policy mixes for sustainability tran-
sitions developed by Rogge and Reichardt [28]. The framework provides an extended
conceptualization of policy mixes and has been used successfully for the analysis of policy
mixes in other areas of environmental policy such as energy efficiency [29], renewable
energies [28] and the bioeconomy [30,31].

The article is structured as follows. Section 2 describes the methodological approach
used in the study. Section 3 presents the results of the analysis regarding the elements
of the policy mix, the interaction between its policy instruments and its consistency. The
conclusions and policy recommendations derived from our analysis are presented in
Section 4.

2. Materials and Methods

A variety of methodological approaches to analyze policy mixes has been devel-
oped and applied across different fields of research in the area of energy and climate
policy [32-35], where an increasing focus is given to extending the scope of the analysis
beyond the mere interaction between policy instruments [28,36].

In order to analyze the consistency of the policy mix for addressing the decarbonization
of the buildings sector in Germany with the newly introduced carbon pricing scheme, we
draw upon the framework for assessing policy mixes developed in [28]. According to the
framework, the policy mix is defined as a combination of three building blocks: (1) elements,
(2) processes and (3) characteristics [28]. The following subsections briefly describe these
building blocks and define the scope and boundaries of our analysis.

Elements of the policy mix
The policy mix consists of three main elements:

1. The policy strategy is defined as a combination of policy objectives and the principal
plans for achieving them. This work sets the scope as the national objectives and
approach for addressing the decarbonization of the buildings sector. While the
national strategy is influenced by the EU-level targets and strategies, the interaction
between these two levels is not in the focus of our work.

2. Instruments are defined as concrete tools to achieve overarching objectives. Rogge
(2016) propose a type—-purpose classification of instruments including three types of
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instruments (economic instruments, regulations and information) and three primary
purposes (technology push, demand pull, systemic). This work focuses on the existing
national policies addressing the decarbonization of buildings, and policies at EU
partially considered when showing a direct impact at national level.

3. The instrument mix combines the individual instruments and takes into account
interactions between the instruments. In the analysis of interactions, we focus on the
interaction between the newly introduced carbon pricing scheme with the remaining
elements of the instrument mix.

Processes

The framework by [28] highlight the importance of considering policy processes, as
the elements and characteristics of the policy mix are shaped by the underlying processes.
In the context of the policy mix for decarbonizing the buildings sector in Germany, we
include the analysis of the policy processes leading to the introduction of the carbon pricing
scheme as well as the relevant policy developments at the EU level.

Characteristics

Key characteristics of the policy mix are the consistency of elements, the coherence of
processes, together with the credibility and comprehensiveness of a policy mix [28]. While
the coherence of processes, the credibility and comprehensives of the policy mix partly
feeds into the analysis, our assessment focuses on the consistency of the policy mix.

To investigate the consistency of the policy mix, the authors of [28] suggest assessment
of the following levels:

1.  The consistency of the policy strategy is addressed by assessing the alignment of policy
objectives and the consistency of principal action plans with the policy objectives.

2. The consistency of the instrument mix is addressed through interaction analysis,
where instruments in an instrument mix are consistent when they reinforce rather
than undermine each other in the pursuit of policy objectives.

3. The consistency of the instrument mix with the policy strategy addresses the interplay
of the policy mix with the policy strategy, i.e., if the instrument mix is consistent with
the policy objectives.

3. Results and Discussion

This section presents the results of our analysis, encompassing the analysis of the
elements of the policy mix for decarbonizing buildings in Germany (Section 3.1), the policy
processes (Section 3.2) and the assessment of the consistency of the policy mix (Section 3.3).

3.1. Elements of the Policy Mix
3.1.1. Strategy

The strategy for decarbonizing the buildings sector comprises the sectoral target
for reducing GHG emissions in the buildings sector enshrined in the Federal Climate
Protection law as well as the overarching approach to achieve the reduction objective.

A quantitative GHG-reduction target for the buildings sector in Germany for the year
2030 was first specified in 2016 in the Climate Action Plan 2050 [37] and was transposed
into national law in the Federal Climate Change Act in 2019. The latter was revised in
2021 following an order of the Federal Constitutional Court concluding that the Federal
Climate Change Act of 2019 is incompatible with fundamental rights insofar as it lacks suf-
ficient specifications for further emission reductions from 2031 onward. The constitutional
complaints were filed by young climate activists, supported by several environmental
NGOs. The revised Federal Climate Change Act comprises the legislative framework for
Germany’s GHG reduction goal for 2030 and specifies the commitment to pursue green-
house gas neutrality by 2045 as a long-term objective. By 2030, the Climate Change Act sets
a reduction target of at least 65% with respect to 1990 levels (the target was increased from
—55% to —65% in the revision in 2021). The Climate Change Act further specifies annual
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sectoral emission budgets for the following sectors: energy, industry, transport, buildings
and agriculture. The annual emission budgets for the buildings sector are shown in Table 1.

Table 1. Annual emission budgets for the buildings sector specified in the German Climate
Change Act.

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Annual emission budgets for the buildings sector (Mt COze)
118 113 108 103 97 92 87 82 77 72 67

Figure 1 compares the annual GHG budgets for the buildings sector (see Table 1)
to the GHG emissions of the sector in the past 10 years and shows that considerable
additional efforts are needed to meet the targets. Progress on achieving the sectoral targets
is monitored and assessed annually and a readjustment mechanism is defined for sectors
that deviate from the specified reduction trajectories. The responsibility for ensuring
compliance with the annual emission budgets lies with the federal ministry whose remit
covers the respective sector. The approach of setting sectoral emission budgets thus also
fulfils a governance function. In 2020, with emissions of 120 Mt COge, the buildings
sector is the only sector exceeding its annual emissions budget laid down by the Climate
Change Act.
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Figure 1. THG emissions of the buildings sector in Germany from 2010 to 2018, and emissions
budgets for 2020-2030 according to the Federal Climate Change Act. Data available at https://
www.umweltbundesamt.de/daten/klima/treibhausgasminderungsziele-deutschlands (accessed
on 29 September 2021).

The German government published its strategy for the decarbonization of the build-
ings sector in 2015 in the “Energy Efficiency Strategy for Buildings” [38], outlining the goal
of achieving a “virtually climate neutral buildings stock” by 2050 through a combination of
energy savings and the use of renewable energies. For a virtually climate-neutral building
stock, the nonrenewable primary energy demand must decrease by at least 80% with
respect to 2008 levels. The strategy proposes energy efficiency and renewable energies as
key strategies and provides scenario calculations setting a corridor of reduction pathways.

3.1.2. Instruments

This section provides an overview of the policy instruments implemented in Germany
to address the decarbonization of the buildings sector. As the focus of the analysis is the
interaction between the existing instruments and the newly introduced carbon pricing
scheme, we first provide a detailed description of the carbon pricing scheme, followed by a
discussion on the remaining instruments.
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Carbon pricing

The German Fuel Emissions Trading Act (BEHG) passed in 2019 introduces a national
emissions trading system for sectors that are not covered by the European emissions trading
system (EU ETS). For the heating sector, the system covers the emissions from space and
water heating in buildings along with emissions from heat produced in industrial processes
insofar as these are not covered in the EU ETS. The obligated parties that are required to
purchase and surrender allowances are the companies that place the fuels on the market.

The German carbon trading scheme can be considered a hybrid system including
elements of a carbon tax as well as emissions trading. In an introductory phase covering
the years 2021-2025, allowances are issued at a fixed price that increases on a yearly basis.
In 2026, a price corridor including a price floor and price ceiling is defined. Starting from
2027, the Act foresees the specification of annually decreasing emission levels (caps), which
contribute to meeting the sector targets under the Federal Climate Protection Act and to
the reduction obligation under the EU Climate Protection Regulation.

During the introductory phase with a fixed-price system, emission allocations are
sold to the obliged parties starting with a price of 25 EUR/t CO,e in 2021 and increasing
to 55 EUR/t COge by 2025. For 2026, a price corridor is set with a minimum price of
55 EUR/t COze and a maximum price of 65 EUR/t CO,e. These prices were set in the
Federal Government’s declaration on record to the Bundesrat in December 2019 and were
implemented in the first law amending the Fuel Emissions Trading Act, passed by the
Federal Government in May 2020 [39].

The revenue of the carbon pricing scheme is partly used for measures to reduce
the burden for consumers and industry, including a reduction of the surcharge on the
electricity price under the Renewable Energy Sources Act, an increase of the commuting
allowance for long-distance commuters and an increase of the housing cost supplement for
low-income households.

Complementary instruments

In Germany, a variety of policy instruments to support the transition of the buildings
sector are currently in place. Table 2 categorizes the existing instruments (excl. the newly
introduced carbon pricing scheme) with respect to the typology introduced by [28]. A
detailed description of the policy instruments is found in the German National Energy and
Climate Plan (NECP) [39] and the Long-Term Renovation Strategy (LTRS) [40].

Interactions with economic instruments

Among the economic instruments implemented in Germany (see Table 2), the funding
schemes for energy efficiency and renewable energies for heating and for district heating
systems are the most prominent measures supporting the transition of space heating.

There are several reinforcing interactions between the funding schemes and the newly
introduced carbon pricing scheme:

1. With the carbon pricing scheme increasing the economic benefits of renewable heating
solutions and energy efficiency measures, it is likely that the uptake of the funding
schemes increases with the introduction of carbon pricing.

2. Part of the revenues from the carbon pricing scheme are used to limit the electricity
price for consumers by limiting the renewable energy surcharge. The reduced elec-
tricity price in combination with the higher fossil fuel prices provide an additional
incentive to invest in heat pumps. This is particularly significant because heat pumps
are seen as a key technology for decarbonizing the buildings sector.

The carbon pricing scheme foresees using parts of the revenues for funding fur-
ther climate protection measures. Revenue recycling for climate protection measures
can contribute significantly to increasing the impact of carbon pricing for reducing emis-
sions [41,42], although introducing a possible tradeoff with regard to public acceptance
of the schemes. For example, the Ontario cap-and-trade policy for GHG emissions was
repealed due to acceptance issues, where the use of carbon revenue to fund climate change
programs played a key role [43].
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With increasing carbon prices, investments in energy efficient buildings and renew-
able heating become economically viable also without funding. In order to ensure an
efficient instrument mix, funding for these technologies may gradually be reduced. This is
particularly true for heat pumps, which benefit from the reduced electricity tariffs.

Table 2. Policies addressing the transition of the buildings sector in Germany.

Technology Push

Demand Pull Systemic

Economic instruments

Funding of serial
renovation work

Further development of
the innovative Future
Building (Zukunft

Bau) program

Building the

Energy Transition
(Energiewendebauen) ini-
tiative

Regulation

Information

Heating Network Systems 4.0: Expansion of
funding program for heating networks, heat
storage systems and

multibuilding investments

Energy-efficient urban redevelopment and
further development of the Urban
Development Funding Program

Funding of energy performance contract
consulting within the framework of energy
consulting for nonresidential buildings
owned by

municipalities /charitable organizations
Model energy saving contracting projects
Municipality-level energy efficiency and
resource efficiency networks

Federal Support for Efficient Buildings (BEG:
energy-related renovations and high-efficiency
new-builds of residential and nonresidential
buildings, as well as individual renovation measures
in the area of energy efficiency; funding for
installations which use renewable energies to
generate heating and cooling, as well as for certain
heat storage facilities and local heat networks, both
in residential and nonresidential buildings)

Tax incentives for energy-related

building renovations

Funding for mini cogeneration plants

Buildings Energy Act (Building Code): Minimum
energy efficiency standards for new buildings and
major renovations; renewable energy quota for new
buildings; restrictions on the installation of oil-fired
boilers from 2026.

EU level: Minimum standards and labels for heating
and cooling appliances under the

Ecodesign Directive

Exemplary role of federal buildings
Submetering (planned implementation:
additional billing information during
the year)

Independent consultancy services provided by
National Consumer Agency (Verbraucherzentrale
Bundesverband e.V., vzbv)

Federal funding for energy consulting for residential
buildings (on-site consulting, individual

renovation roadmap)

Energy consulting for nonresidential buildings
owned by municipalities/charitable organizations
Federal funding for energy consulting for SMEs
National efficiency label for old heating installations

Dialogue on contracting between the Federal
Government and the federal states
Information on sample contracts and
guidelines (contracting)

Information and Competency Center for
Future-Oriented Construction

Source: German National Energy and Climate Plan and Long Term Renovation Strategy.

Interactions between carbon pricing and regulations

The German Buildings Energy Act sets the key regulatory framework for buildings in
Germany including minimum energy efficiency requirements for new buildings and major
renovations, RES-quota for new buildings and limits the installation of oil-fired heating
systems from 2026. Regarding the minimum requirements for energy efficiency, the newly
introduced carbon pricing scheme introduces a reinforcing interaction—when setting the
ambition level of the minimum requirements, the regulation is based on the principle of
economic efficiency (see Buildings Energy Act §1 (2)), meaning that requirements need to
be economically profitable from the perspective of the building owner. In absence of carbon
pricing to internalize the external costs, the approach of basing minimum requirement on
the principle of economic efficiency inevitably leads to minimum requirements that are not
consistent with the policy targets for reducing GHG emissions.
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With the introduction of the carbon pricing scheme, the economic assessment to
support the specification of the minimum requirements shifts towards more ambitious
requirements. However, while the prices introduced in the carbon pricing scheme do
not reflect the full external costs, the approach of basing minimum requirements on the
principle of economic efficiency from the perspective of building owners continues to lead
to low ambition levels that are not consistent with the decarbonization targets.

Considering the dimension of time in the interaction between minimum requirements
in the Buildings Energy Act and carbon pricing, the review of the energy requirements is
not aligned to the introduction of the carbon pricing scheme. While the carbon pricing is in
place since January 2021, the review of the energy requirements was originally scheduled
for the year 2023, such that the ambition level of the requirements is not adjusted until
three years later. In the context of the revision of the Federal Climate Change Act, the
government adopted an immediate climate action program, which, among others, brings
forward the revision of the Buildings Energy Act to the year 2022 [44].

Regarding the regulation on submetering specified in the Heating Cost Ordinance
(Heizkostenverordnung), the interaction with the carbon pricing scheme depends on the
regulatory approach for distributing the costs of carbon pricing between buildings owners
and tenants. While the costs are currently fully passed on to the tenants, the Climate
Action Program 2030 [45] states that options for regulatory changes distributing the costs
between landlords and tenants are assessed. In May 2021, in the context of the revision
of the Federal Climate Change Act, a cabinet decision proposed an equal distribution of
the costs between landlords and tenants; however, in June 2021 no agreement could be
achieved (https:/ /www.tagesschau.de/inland /mieter-co2-preis-101.html, accessed on
29 September 2021). The costs of carbon pricing therefore continue to be fully borne by
the tenants.

Interaction with information

For all existing instruments providing information to consumers and stakeholders in
the heat market (Table 2), the interaction with carbon pricing is reinforcing. With increased
prices for fossil-based heating systems, the need for guidance on energy saving measures
together with the use of renewable energies increases and it is more likely that the proposed
measures are implemented.

3.2. Policy Process

Following the methodology for analyzing policy mixes proposed by [28], this section
discusses the policy process associated with the introduction of the German carbon pricing
scheme and the simultaneously ongoing processes at EU level related to carbon pricing.
Figure 2 provides an overview of key milestones of the respective processes in Germany
and the EU.

The German carbon pricing scheme was introduced as part of the Climate Protection
Program 2030 published in September 2019 [45], a comprehensive policy package aimed
at supporting the achievement of the German climate protection targets for 2030. The
communication outlines the characteristics of the carbon pricing scheme, including its
introduction as an emissions trading system with a fixed-price phase until 2025 and
the foreseen price levels. The adoption of the Fuel Emissions Trading Act followed in
November 2019 with a price path from 10 EUR/t in 2021 to 35 EUR/t in 2025, which was
increased to a path of 25 EUR/t in 2021 to 55 EUR/t in 2030 in October 2020.

The introduction of the German scheme for pricing carbon under the Fuel Emissions
Trading Act followed a controversial discussion between the parties forming the German
government in 2019. The discussion formed part of the activities of the “climate cabinet”, a
cabinet committee on climate protection set up by the Federal Government with the aim of
developing a policy package to ensure compliance with the climate targets for 2030.
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Figure 2. Overview of timeline of policy processes in the context of the introduction of carbon pricing in Germany.

Within the coalition between the CDU/CSU (Christian Democratic Union of Ger-
many, CDU; Christian Social Union in Bavaria, CSU) and SPD (Social Democratic Party
of Germany), the parties showed differing positions not only with respect to the price
level but also with respect to the general approach for pricing carbon—whereas the SPD
favored a carbon tax, the CDU/CSU strictly opposed this approach. Ahead of the decisions
of the “climate cabinet” on a climate protection package in September 2019, the Federal
Ministry for the Environment, Nature Conversation and Nuclear Safety lead by the SPD
published several studies assessing the introduction of a national CO,-tax in June/July
2019 [46,47]. By contrast, the CDU-led Federal Minisitry for Economic Affairs and Energy
draws upon an assessment of German Council of Economic Experts [48] and concludes
that a national emissions trading system is the preferred option, partly to ensure a potential
future integration in an EU-wide system [49].

The resulting hybrid approach introduced in the policy package published in Septem-
ber 2019 can be seen as a compromise between the two positions, with the fixed-price phase
until 2025 sharing the characteristics of a CO,-tax.

At the EU level, in the context of the European Green Deal, the proposal for the revised
Emissions Trading Directive presented in July 2021 foresees the introduction of a separate
new emissions trading system for fuels for road transport and buildings [50]. The timing
of the policy developments at national and EU level are shown in Figure 2.

3.3. Consistency of the Policy Mix
3.3.1. Consistency of the Policy Strategy

For the year 2030, the Climate Change Act provides a binding framework for emissions
reductions at the national level, ensuring that the sectoral contributions for reducing GHG
emissions are consistent with the national target. The target for the buildings sector is
therefore consistent with the national objectives. The ambition of the national objectives
was increased in June 2021 in the context of both the order of the Federal Court and the
increase of the ambition of the climate target for 2030 at EU level [51].

The general approach for meeting the sectoral target for buildings is specified in the
Energy Efficiency Strategy for Buildings [38]. However, the approach is not fully consistent
with the objectives—the strategy contains the target of “virtual” climate neutrality for
the buildings sector for 2050, being defined as a state in which the sector’s nonrenew-
able primary energy demand decreases by at least 80% with respect to 2008 levels. This
corresponds roughly to a reduction in GHG emissions of the same magnitude. This is
not consistent with the (more ambitious) overall national target of GHG-neutrality for
which a complete decarbonization of the sector is necessary. Furthermore, the strategy
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does not reflect the ample policy developments since 2015, including the adoption of the
Climate Protection Plan 2050, the Climate Action Program 2030 and the Federal Climate
Change Act. These new developments seem to be integrated and considered in the recent
communications of the ministry, where the term “virtual” is no longer used and the target
of a climate neutral buildings sector is used [52]. However, it is not yet integrated in
official strategies.

3.3.2. Consistency of the Instrument Mix

Given the reinforcing interactions of carbon pricing with the remaining elements of the
instrument mix (see Section 3.1.1), the introduction of carbon pricing provides a consistent
extension of the instrument mix. Besides the positive effects on the uptake of funding
schemes and information measures, the consistency of the instrument mix increases with
the introduction of carbon pricing as the regulatory requirements are shifted towards
ambition levels that are consistent with the objectives (see Section 3.1.1).

Based on the controversial discussion on the interaction of carbon pricing schemes
with complementary instruments [2,3,8-12], this section reviews key arguments supporting
the need for complementary instruments when introducing carbon pricing schemes and
discusses them in the context of the German policy mix for buildings.

1.  Time and ambition: Meeting ambitious climate targets requires fast and ambitious
climate action. Not only “low-hanging fruits”, but also more expensive technologies
need to be diffused on a short timescale [8,10], particularly in view of the very long
investment cycles in the building sector. Carbon pricing does typically not lead
to deep emissions reductions, such that even in countries with high prices only
incremental emissions reductions occur and complementary phase-out policies are
introduced [53].

2. DPolitical feasibility: Even though carbon pricing plays an increasing role in climate pol-
icy, the currently implemented schemes are at a price level that is not consistent with
ambitious climate actions. Prices that would be needed in order to meet the agreed
targets would be high and unlikely to be implemented [8,53,54]. For the German
carbon pricing scheme to provide a relevant contribution to meeting the reduction
targets for the buildings sector, carbon prices would need to be increased considerably
as compared to the price path specified for the years 2021-2025. For example, the
German National Energy and Climate Plan submitted to the EU Commission in 2020
assumes that carbon pricing increases the consumer prices of national gas by 62% and
oil by 47% to support the calculations for target achievement, reflecting prices that
are far above the current price levels. It does not seem likely that price increases of
the required magnitude will be politically feasible.

3. Market failures and imperfections: Complementary instruments are needed in order
to correct market failures and imperfections, such as information asymmetries and
split incentives [7]. Market failures and imperfections play a crucial role for the de-
carbonization of the buildings sector. The buildings sector is characterized by a large
number of structural and nonmonetary barriers, including the lack of knowledge and
interest of building owners, the distribution of costs and benefits between landlords
and tenants as well as decision-making based on heuristic approaches rather than
rational behavior [55-58]. In Germany, the structure of the housing sector with more
than half of the households living in rented dwellings poses a considerable challenge.
As the costs for carbon emissions are currently borne entirely by the tenants, the
carbon pricing scheme does not provide direct incentives for the owners of rented
buildings to invest in energy efficiency measures and renewable heating [59].

4. Carbon pricing does not foster innovation in new technologies, such that complemen-
tary policies are needed to support innovation [8,12,60]. The full decarbonization of
the buildings sector requires innovation in technologies and processes for thermal
retrofit and renewable heating systems. An important example are innovative in-
dustrial supply chain approaches to thermal retrofit, which are expected to decrease
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the cost, time and on-site labor intensity of deep thermal retrofits. The decrease of
on-site labor is of particular importance for the transformation of the buildings stock
in Germany, as key climate protection scenarios show that the annual refurbishment
rate needs to more than double to meet the targets (e.g., [61-63], while already at
current levels Germany faces a shortage of skilled workers [64].

In view of the hybrid approach of the carbon pricing scheme in Germany, combining
a fixed-price phase with a cap-and-trade approach (see Section 3.1.2), several authors have
expressed concerns whether the hybrid nature of the approach is consistent with German
constitutional law [65,66].

Despite of the potential legal issues related to the instrument, we analyze the consis-
tency of the instrument mix considering the two approaches. In this context, [5] analyze the
combination of complementary policies with carbon pricing and find that a combination
with a carbon tax is more effective than with a cap-and-trade scheme, as in the former
carbon prices are not impacted by the complementary policies. Furthermore, carbon taxes
with a fixed and rising price path increase the predictability for investors and support
long-term investment decisions in low-carbon technologies.

For the buildings sector, a cap-and-trade scheme faces the challenge that intrayearly
fluctuations of the energy demand due to temperature changes are large (warm vs. cold
winters), such that the availability and price of certificates depends on whether conditions.
The magnitude of the effect of such fluctuations depends on the overall size of the emissions
trading scheme—when the emissions from the buildings sector make up for a high share of
the total emissions covered in the scheme, the effect on the availability and prices is higher.

For the case of the carbon pricing scheme in Germany, a recent estimate finds that
the intrayearly fluctuations of CO;-emissions due to temperature differences may have an
important impact on the availability and price level of certificates. While the fluctuations
range up to 14 Mt CO,e, with an estimated average of 6 Mt CO,e, the CO,-emissions
covered in the scheme need to be reduced by around 15 Mt CO,e per year between 2020
and 2030 [67].

3.3.3. Consistency of the Policy Mix

As discussed in the previous section, it is likely that the GHG emission reductions
induced by the current instrument mix (including CO, pricing) are insufficient to meet
the sector target [68,69], thus leading to an inconsistency of the instrument mix and the
policy strategy.

The projections provided in the German NECP conclude that the objectives can be
achieved with the instrument mix, however, with carbon prices that more than triple after
the fixed price period ending in 2026. The corresponding sudden price jump does not
seem politically feasible and would considerably affect the predictability and credibility of
the scheme.

Unless the pricing levels are increased considerably before the end of the fixed-price
phase in 2026, the impact of the carbon pricing scheme on achieving the 2030 target is
limited due to the long investment cycles in the buildings sector. Given the long lifetimes
of building components and heating systems, clear phase-out regulations going beyond the
currently adopted limitations for the use of oil-boilers starting from 2026 are required. An
additional element could be regulatory approaches in the form of specific refurbishment
requirements, e.g., starting with the worst performing buildings.

At a structural level, the introduction of a carbon pricing scheme for the buildings and
transport sectors with a common cap for both sectors is inconsistent with the approach of
sectoral targets for these sectors as defined in the Climate Change Act. Unless the abatement
costs are equal in both sectors, a common cap would lead to excessive fulfillment of the
target in the sector with lower abatement costs, whereas the sector with higher abatement
costs would not reach the target. However, the issue only arises if a fixed cap is set at the
emissions levels following the Climate Change Act, which is unlikely as this would lead to
prices that are beyond political feasibility.
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4. Conclusions

The analysis of the German policy mix for the decarbonization of the buildings sector
shows that the newly introduced carbon pricing scheme interacts reinforcingly with the
remaining policy instruments and adds to the consistency of the policy mix.

The results show that the deep and fast decarbonization of the buildings sector requires
a mix of policy instruments, where aside from carbon pricing complementary instruments
need to shape the transition pathways. In view of the variety of noneconomic barriers that
persist in the buildings sector and the long lifetime of building components and heating
systems, deep decarbonization cannot exclusively rely on carbon pricing but also requires
regulatory measures to ensure that retrofit measures are consistent with the medium- and
long-term targets and that fossil fuel technologies are phased out. Furthermore, innovation
in technologies and processes that are required to meet the long-term targets need to be
supported through complementary policies.

In order to maximize the impact of carbon pricing schemes in the buildings sector, it
is essential that the price signal addresses all building owners including those of rented
buildings, as the decision to invest in low-carbon technologies is typically taken by building
owners. For the case of Germany, where carbon pricing is in place and the costs are currently
borne exclusively by tenants, we recommend a fast implementation of the necessary
regulatory changes to distribute the costs between landlords and tenants. For future carbon
pricing schemes for the buildings sector in other jurisdictions we recommend that the
respective regulatory framework is developed in advance of introducing the scheme.

Regarding the choice of the approach for carbon pricing, the analysis of the German
scheme identifies the following challenges with introducing cap-and-trade schemes for
the buildings sector. Firstly, unless an ambitious mix of complementary instruments
ensures that the decarbonization of the sector is on track, the introduction of a cap which
is consistent with the ambitious climate targets would lead to prices beyond political
feasibility and which would lead to considerable negative social impacts. Secondly, the
large intrayearly fluctuations of energy demand from the buildings sector depending
on outside temperature have a significant impact on the amount of required emissions
allowances. This effect is particularly pronounced in cap-and-trade systems with a small
sectoral coverage, as it is the case in Germany. The effect needs to be taken into account
when designing the schemes for borrowing and banking of allowances. Thirdly, a general
issue with cap-and-trade systems covering the buildings sector is that the schemes are
typically implemented as an upstream approach, where the obliged entities cannot directly
conduct measures to reduce GHG emissions.

The analysis concludes that a consistent policy mix for the decarbonization of the
buildings sector should include carbon pricing, preferably implemented as a tax with
a predictable and increasing price level, but requires a powerful mix of complementary
measures to steer the sector towards the deep decarbonization needed to achieve ambitious
climate targets consistent with the targets of the Paris Agreement.
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