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1 Introduction

The 2030 climate and energy framework outlines EU-wide targets and policy
objectives spanning from 2021 to 2030. Emphasising the reduction of net
greenhouse gas emissions by a minimum of 55% compared to 1990 levels, the
European Commission's proposals in July 2021 aim to align climate, energy,
transport, and taxation policies towards this ambitious goal. These measures pave
the way for the EU to achieve climate neutrality by 2050, positioning it as a trailblazer
on this front (European Commission (a), n.d.). Key targets within the 2030 climate

and energy framework include a notable increase in ambition:

e  Greenhouse gas emissions: A shift from a 40% to at least a 55% reduction
(relative to 1990 levels).

e Renewable energy: An elevation from a 32% to a 42.5% share.

e Energy efficiency: Targets set for final energy consumption rising from
32.5% to 36%, and for primary energy consumption reaching 39%.

The EU's target to achieve climate neutrality by 2050, creating an economy with net-
zero greenhouse gas emissions, forms the core objective of the European Green
Deal (Eutopean Commission (b), n.d.). This commitment aligns with the EU's
pledge to global climate action under the Paris Agreement (European Council,
2024). The transition toward a climate-neutral society represents both a pressing
challenge and an opportunity to forge a more promising future for everyone. This
transformation involves every facet of society and economic sectors, spanning from

the power sector to industry, mobility, buildings, agriculture, and forestry.

The European Union's commitment to achieving a 55% reduction in EU emissions
by 2030 is legally enforced under the European climate law. In line with this
obligation, EU nations are actively drafting new legislation to meet this target and
ultimately achieve climate neutrality within the EU by 2050 (European Council,
2024). The Fit for 55 package encompasses a series of proposals designed to amend
existing EU laws and introduce fresh initiatives. Its primary objective is to align EU
policies with the established climate objectives as agreed upon by both the Council
and the European Parliament. The term "Fit for 55'is coined in reference to the EU's
ambitious goal of reducing net greenhouse gas emissions by a minimum of 55% by
2030.
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In pursuit of its 2050 target, the EU is actively addressing the reduction of emissions
from cars, given that road transport contributes to one-fifth of the EU's CO2
emissions. By 2030, the EU is targeting a 55% reduction in car emissions and a 50%
reduction in van emissions compared to 2021 levels. This effort is aimed at achieving

the objective of zero emissions from new cars and vans by 2035.

The Council has approved a new regulation, part of the 'Fit for 55' package, imposing
stricter CO2 emission standards for new cars and vans in the EU. Key aspects of
the regulation include reduction targets of 55% for new cars and 50% for new vans
by 2030-2034 compared to 2021 levels, achieving 100% emissions reductions for
both by 2035, introduction of a regulatory incentive mechanism for zero- and low-
emission vehicles (ZLEV) from 2025-2029, rewarding manufacturers meeting
specific sales benchmarks and lastly consideration for e-fuels and a review in 2026
to assess progress towards emission reduction targets, examining technological
advancements and the transition to zero emissions. Other provisions involve gradual
reduction in emission credits for eco-innovations, the development of a common
EU methodology for assessing CO2 emissions, and derogation for small volume
manufacturers until 2035. This regulation revises previous rules, holding
manufacturers accountable for their fleet's average CO2 emissions, with penalties
for exceeding targets. This initiative aligns with the broader 'Fit for 55" package,
aiming to reduce net greenhouse gas emissions by 55% by 2030 and achieve climate
neutrality by 2050.

Best available techniques (BAT) refer to the most advanced and effective stage in
the development of activities and operational methods. BAT signifies practical
methods suitable for establishing emission limit values and permit conditions, aimed
at preventing or, when not feasible, minimizing emissions and their impact on the
overall environment. Under this definition "Techniques' encompass not just the
technology used but also the installation's design, construction, maintenance,
operation, and decommissioning. 'Available techniques' refer to those developed at
a scale feasible for implementation in the relevant industrial sector, considering
economic and technical viability. 'Best' signifies the most effective methods for
achieving a high level of environmental protection overall (WeCOOP, n.d.).
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The aforementioned policies build upon the concept of environmental neutrality. In
ESRS (European Union Law, 2023 (b)), it is introduced through the concept of net
zero target. To quote, setting a net-3ero target at the level of an undertaking aligned with meeting
societal climate goals means: i. achieving a scale of value chain emissions reductions consistent with
the abatement required to reach global net-zero in 1.5°C pathways; and ii. nentralizing the impact
of any residual emissions (after approximately 90-95% of GHG emission reduction with the
possibility for justified sectoral variations in line with a recognized sectoral pathway) by permanently

removing an equivalent volume of CO2.

In our analysis, we concentrate on the transportation sector. Thus, we need to look
at how these global targets are translated to sector goals. These details are left to the
countries themselves. As the first case, we look at Germany. The German
government defined their goals to achieve the target of the 1.5 °C pathway in their
climate protection plan 2050 (BMUB, 2016). This plan defines the overall targets in
line with the EU targets and then goes into separate targets by sector for 2030 and
2050. The transportation sector has so far been considered a challenging sector that
could not achieve great reductions compared to 1990 so far. Currently the tariff

sectors just about manage to keep the CO2e values at an even level.

Projections for traffic in Germany see an increase in traffic volume. The only
solution available is to reduce the specific emissions of any given vehicle sufficiently
that it overcompensates the increase in traffic volume. With current state-of-the-art,
BEV are the best available technology to achieve this (fuel cell vehicles are a
proposed alternative but are insufficiently produced). In the climate action plan
2030, the German government emphasises this by introducing plans for incentives
to buy BEV for individual cars and trucks (BMU, 2019).

The current aims of the climate plan of Germany for the transportation sector aim
for a reduction from 163 million tons in 1990 to 98 million tons in 2030 which is a
reduction target of about 40%. This will not achieve the overall 55% reduction target
and thus other sectors need to compensate for 2030 though there is hope that
additional activities to increase railway traffic as well as individual mobility by
alternative means will help to achieve a higher reduction in transportation. Still by
2050 the transportation sector needs to achieve the same target as all others of 90-
95%. This means that after 2030, the rate of reduction has to accelerate in
comparison to other sectors (BMUB, 2016).
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In our contribution, we use the Life Cycle Assessment approach to provide new
insights into the structural challenges of Environmental neutrality or more formally
the above stated net-zero target. As stated, we concentrate on transportation and the
obvious product to look at here are the vehicles for individual transportation. Here,
the net-zero target clearly separates into what we call fixed emissions and recurrent
emissions. In the example, fixed emissions result at the beginning and at the end of
the lifecycle and can be attributed to producing the vehicle that will be used in
transportation and recycling its salvageable components at the end of lifetime.
Recurrent emissions can be attributed to using the vehicle for actual transportation.
We then show that net-zero target of transportation then translates into either
significantly reducing both fixed and recurrent emissions, or reducing the recurrent
emissions significantly, allowing the fixed emissions to be reduced less. On the other
hand, for products of significant recurrent emissions, it is impossible to sufficiently

neutralise their lifetime emissions by just focusing on the fixed emissions.

The above distinction is relevant for any product or sector. A generalisation of the
approach shows that if recurrent emissions of a sector, industry or product could
not meet the target, the residual emissions will be neutralised by permanently
removing enough greenhouse gases from the atmosphere. For recurrent emissions,
this induces an extra (recurrent) cost to each unit of the product, affecting its
competitiveness and inducing a push towards best available technologies.

Additionally, this observation motivates development of CO2 capture technologies.
2 Models and methods
In this section, we describe the models used in our study.

2.1 The base model

The base model we apply is a linear cost and linear production model, which we
outline in this chapter but will be detailed in a different contribution. In it, the
decision vector of desired outputs of the technology is a m-dimensional vector x €
R™, and it specifies all the desiderata of the production process that are in control
by its managers. The vector of the change of the state of the world achieved of the
production (including products, byproducts, pollutants, as well as change in

resources such as (raw) materials, partial products, energy, labor, time, money) is a
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m-dimensional vector y € R™. For the sake of completeness, we may assume that
the state of the world contains all the products and all the resources required for

their production. Similarly, we assume all these coordinates can participate in
decision making, thus justifying the same dimension of the vectors x and y. The
(linear) technology producing change of the state of the world Yy given decision X is
described by technology matrix A (which is a square matrix by assumptions) and
initial state of the wotld yq. The technology matrix has, for each relevant output
dimension I, a single row of coefficients A4; that describes the amount of output y;
produced following a single decision X; resulting in the total production of A; x of
output y; from the complete vector of inputs X. Accounting for the investment
production of output (usually pollutant) Yo, we get the final equation y; =
Aj x + ygy for the production of output i, or y =Ax + Yy as the vector
equation for the production of all the outputs. Similarly, the cost of production of y
is ¢y = cTx + ¢y (1) where Cy is the production cost (scalar) of the vector of
outputs Y, € is the (column) vector of costs of decisions, X is the decision vector,

and ¢ is the total of fixed costs of production.

From the above model, we focus on two components of the output vector, the
production of a product i, ¥; = A;x + Y04 (2) and the production of a pollutant
Yp = Apx + Yio,py 3)- Then, y,(n) = ndyx + yir ) (4) is the amount of pollutant
p produced in the lifetime of the production plant, where A is the previous
technology matrix, A, is it’s p-th row, and yr = Yo + ¥; is the vector of fixed
outputs including fixed set-up production vector Yq and the fixed decomposition
production vector y;. Then, Y¢fy is the p-th component of this vector. The p-
pollutant footprint of a unit of product i as f, and y; as the number of units of

product y produced in a single batch/year of production. We obtain

NApX+Yif.p}
= 2p"0n (g
fp nAix+y{f’i} ( )

2.3 Understanding net-zero footprint production.

Net-zero footprint is earlier defined as reaching the societal targets of sufficiently
low production of pollutants. There are two possible interpretations of this
definition. First, we say that a product has a strong net-zero footprint if both fixed



S. Brun, D. Hojkar, S Tertinek, D. Bokal: Structural 1.CA as a Tool to Environmental

Neutralizability of Products and Services 193

and recurrent footprint are reduced by its appropriate fraction. To allow for
generality we find relevant in current practice, we assume different fractions
T 17 0<r, < 1 in recurrent and fixed footprint reduction. Introducing
Yer,0y = (ApX) as initial recurring footprint results in t, = 7.Yg 0y as recurring
threshold, and Yz p, 0y as initial fixed footprint results in ty = T Y(r p 0y as a fixed
threshold. Thus we obtain (4px) < t, (6) for recurring footprint and Y,y < tf
(7) for fixed footprint. A product respecting (6) and (7) has reached a strong net-

zero target both in its fixed and recurrent component of the footprint.

Given the above, a product may not reach both constraints (6) and (7), yet it may
still reduce the footprint sufficiently. For this case, we say that a product reaches a
weak net-zero target, if the combined footprint is reduced by the required amount.
After some algebra we omit due to page restrictions, and introducing d, as the

discrepancy in the recurrent footprint and df as the discrepancy in the fixed

footprint, we obtain nd, + dy < 0 (8)

As n is the lifetime of the production facility in the number of batches produced,
which is a positive number, equation (8) is always satisfied for strong net-zero
products, which have both df and d,- smaller or equal zero. At least one needs to

be negative for the equation (8) to hold. If only the df is negative and d, is positive,

. d . . . . .
we obtain — d—f = n (9), an infeasible constraint as it converts the fixed footprint
T

into recurrent footprint, due to the coupling of the lifetime of the facility with the
(small) number of the units of product produced. Assuming dy is positive and d- is
ar

negative, the inequality reverses and we obtain: — . Sn (10).
T

In this case, the significant reduction of recurrent footprint allows for lesser
reduction in the fixed footprint, provided the lifetime of the facility is long enough.
Morteovert, the greater the reduction of the recurrent footprint, the larger the d,- and
hence the smaller the required reduction of the fixed footprint. It is even possible to
estimate the reduction of the recurrent footprint that would, given a lifetime, allow
for no reduction in the fixed footprint. In this case, df = Y(f 0} — tr and we obtain

da Yifpo1—t
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Another interesting scenario is completely decarbonizing recurrent emissions (for
instance, by providing emissions-free electricity), and observing the lifetime that

allows for reaching net-zero target without reducing the current fixed emissions. In

-t
(8), we have d, = —t, and df = Y7 p,0y — tf, implying% <n (12

We continue by integrating the proposed mathematical model into the process of
LCA analysis through structural LCA analysis.

3 Structural LCA

The structural environmental footprint model proposed in this paper is based on the
Life Cycle Assessment (LCA) methodology standardised in the ISO standards 14040
and 14044. The LCA methodology provides a framework for comprehensive

environmental footprint assessments. It includes four main phases:

1. goal and scope definition,
ii.  life cycle inventory (LCI) analysis,
fii.  life cycle impact assessment (LCIA), and

iv.  interpretation of the results.

In our model, we are using phases (i), (i) and (iii) to assess the environmental
footprint of the technology, while in the phase (iv) - interpretation of the results, we
propose a new classification of technology’s environmental footprint. We argue that
the total footprint can always be divided into two segments, the fixed footprint and
recurrent footprint. In relation to LCA, the recurrent footprint aligns with the
technology’s operational phase while the fixed footprint aligns with the material
extraction, manufacturing, and end of life phases, as they are usually defined in the

goal and scope definition phase of LCA analysis.
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Recurrent

Raw material Operational /

Manufacturing End of life (EoL)

extraction Use phase

Figure 1: LCA product's stages and connection to Fixed and Recurrent environmental
footprint

Source: own source

For a given technology, we can define its environmental footprint as a sum of its
fixed footprint and recurrent footprint. Each technology can be described with a set
of material and energy inputs, and each material or energy input can be considered
a technology and therefore described with a set of material and energy inputs. By
knowing a fixed and recurrent footprint of each technology, we can link all inputs
as shown in Figure 2.

Material inputs

TECHNOLOGY

Energy inputs
Fixed Recurrent
= F=]

Material inputs
Energy inputs

Heat

Fixed [Recurren

Energy inputs
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Fixed [Recurrent
lectrici

Energy
n

Figure 2: Structural breakdown of a technology

Source: own source

The main difference between conventional and structural LCA is how we combine
the data on fixed and recurrent footprint. In structural LCA, we split material and

energy inputs into fixed and recurrent footprint. In conventional LCA, we would
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assign both (fixed and recutrent footprint) to the operational/use phase, while in

structural LCA, we assign recurrent to recurrent and fixed to fixed (Figure 3).

We can show the difference with an example of a battery electric vehicle (BEV) that
uses electricity from solar panels (Table 1). In conventional LCA, we would assign
all emissions from manufacturing of solar panels and emissions from producing
electricity to the use phase. In Structural LCA, we treat this differently. We assign
the emissions from manufacturing of solar panels to the fixed footprint and the
emissions from producing the electricity (i.e. produced by maintenance) to the
recurrent footprint. The reasoning is that once the solar panels are built, the

emissions are already fixed in the environment, irrespective of our use of electricity.

TECHNOLOGY

Fixed Recurrent |

I A A
Energy inputs

Energy inputs
Fixed |Recurrent

Fixed ]

Material inputs
Energy inputs

Material inputs

[ Fxed Jrecuren

Material inputs

Fixed |Recurrent

Material inputs

Energy inputs

lectricity)

Energy
n

Figure 3: Assigning fixed and recurrent footprint in structural LCA

Source: own source

Table 1: Applying conventional and structural LCA to the case of BEV

Example Conventional LCA | Structural LCA
Manufacturing of BEV Manufacturing phase | Fixed
Manufacturing of solar panels Use phase Fixed
Electricity from solar panels for driving Use phase Recurrent

We can further define different levels of technology’s environmental neutrality.

Technology can either be:
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1. environmentally not neutral,
iil.  neutral by offsetting,
fii.  neutral by permanent pollutant removal (e.g. carbon capture & storage) or

iv.  neutral by design.

We can argue that technology that is environmentally not neutral is unsustainable,
and it will eventually have to become neutral. To achieve neutrality, a technology can
rely on external assistance in terms of offsets or permanent pollutant removals. In
this case, the technology is not neutral but it can be “net-neutral” when we expand

system boundaties.

Offsetting can offer a short-term solution to sustainability but in a finite world, we
will eventually run out of offsetting possibilities. Furthermore, there is a growing
concern about the effectiveness of carbon offsets and their use in greenwashing
which increases the importance of high-quality carbon offsets and a well-regulated
carbon market (Greenfield and Harvey, 2023).

Therefore, a better long-term solution is net-neutrality by permanent pollutant
removal. In theory, we should be able to capture and store pollutants that a
technology is emitting. The problem is that this approach uses significant resources
which incur additional costs. If the cost of permanent pollutant removal is higher
than the cost of making a technology neutral by design, then the technology will not
be competitive. In this case, only difficult to neutralize (by design) and high value-
added technologies might stay on the market in the long term.

When analyzing a given technology and its neutralizability, we first need to examine
the neutrality of its inputs. The inputs are split into fixed and recurrent. We consider
tixed inputs as a one time event and recurrent inputs as all inputs that will be needed
during technology’s lifetime. Recurrent inputs are often resources used for the
operation and maintenance (fuels, materials, electricity...) but they may also include

inputs needed to extend technology’s lifetime (i.e. repairs, upgrades...).

Both fixed and recurrent inputs can either meet the net-zero target or not. We
analyse four different scenatios of a technology reaching the net zero target and what

can be done to neutralize the technology in the short or long term (Figure 2).
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Table 2: Technology’s neutrality based on inputs and options for the neutralizability of the

technology
Technology’s inputs Technology Neutralizability options
status
Fixed Recurrent Technology Short term Long term
footprint footprint net-zero target Neutralizability Neutralizability
net-zero net-zero n— o
target target
no no no By offsetting or Permanent
permanent removals
removals
yes no no By offsetting or Permanent
permanent removals
removals
no yes no By offsetting or By offsetting or
permanent permanent
removals removals
yes yes yes no need no need

We see in Table 2 that only the technologies with fixed and recurrent inputs reaching
net-zero target can be considered net-zero technologies. In all other cases, we can
neutralize the technologies in the short term by offsetting or permanently removing
pollutants. Offsetting may also be a viable option for long-term neutralizability in
case that recurrent footprint is reaching a net-zero target, as we only need to
neutralize a set amount of fixed initial footprint. However, when the recurrent
footprint does not meet the net zero target, the neutralizability can be achieved only
by permanent removals. This is due to the assumption that extending the lifetime to
infinity, the amount of inputs reaches infinity and requires offsetting an infinite
amount of pollutants which is not viable. By permanent removals, we can form a
closed-loop where the emitted and removed amounts are always equal. This however

implies recurrent costs to the technology.
4 Applying structural LCA to the mobility sector — use case

As stated above, Germany will be the demonstration case. In Table 1, we show the
number of privately owned cars in column 1, the traffic volume in column 2 and the
GHG emissions in column 3. For 1990 and 2019, we use historical data from the
environment agency of the German government (Umwelt Bundesamt (2023(a,b,c)).
For the years 2030 and 2050 we use projections the same agency published for the
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number of cars and traffic volume (Umwelt Bundesamt, 2018) and the climate
protection plan of the German government for the GHG targets in 2030 and 2050
(BMUB, 2010).

The two remaining columns follow from the first two. The average km a car drives
in a given year is the traffic volume divided by the number of cars and the GHG in
CO2e gramm per km follows from that and the GHG emissions.

Table 3: Indicators in transportation

Yea | Number of | Traffic CO2e¢ in million t Av. km CO2eing

r cars in volume in (only for fuel per car pet km (for
million billion km | consumption) per year | the av car)

199 | 36.8 496.4 164.4 13489 331.19

0

201 | 471 644.8 164.9 13690 255.74

9

203 | 485 641 98 13216 152.9

0

205 | 47.5 655 8.5 13789 12.98

0

With Table 4, we have the recurrent emissions historically and the target recurrent
emissions for the average car in the transportation sector in Germany. For the
presented model, we also need the fixed emissions per car produced for both current

values and the target values.

In Table 4, we use a summary published by the scientific service of the German
parliament of reported data on the GHG balances in transportation to get the
current values for different types of cars (Deutscher Bundestag, 2022).
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Table 4: Production and lifetime GHG profile of cars
Car Type CO2e in t from Total CO2 in t over
production lifetime
ICE gasoline 6.35 31.05
ICE Diesel 6.5 28.6
BEV (current electricity mix) 9.6 22.95
BEV (100% tenewable 9.8 10.5
electricity)

The last variable missing for the model is the target value for fixed emissions from
car production. For this, we look at the target in the industry sector in table 5.
Historical data on the GHG numbers is provided by the environmental agency of
the German government (Umwelt Bundesamt, 2023(d)) and the targets are
published in the climate protection plan of the German government (BMUB, 2016).

Table 5: GHG targets in the industry and manufacture sector in Germany

Year CO2e from industrial processes in Reduction in % compared to
million 1995

1995 2389 0

2019 181.99 23.8

2030 141 40.9

2050 10 95.8

For the calculations according to equation (11) and (12) of the model, these
reductions are applied to car production in 2030 (t(f,2030}) and 2050 (t(f 2050})-
From Tables 3 to 5, we can thus create Table 6 with the values of the variables

needed to compute the model.
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Table 6: Variables needed to compute the model

BEV fixed /
emissions recurrent
Current fixed GHG emission per cat produced 9.8t CO2e fixed
irp0p)
Target fixed GHG emissions per car produced in 7.6t CO2e fixed
2030 (t¢£,20303)
Target fixed GHG emissions per car produced in 0.5t CO2e fixed
2050 (t(f,2050})
Target recurrent emissions per car in 2030 152.9¢ recurrent
(t{r,2030}) CO2e/km
Target recurrent emissions per car in 2050 12.98¢ recurrent
(tr2030)) CO2e/km

In terms of vehicles, privately owned cars are responsible for the major share of both
traffic volume and emissions. Since we concentrate on cars as a product, we will also
concentrate on them in regard to the data. The EU targets are all compared to the
year 1990.

A usual car has a life expectancy of 12 years. For BEV additional importance has to
be put on the lifetime of the battery. In Germany for BEV, the total of 160,000 km
(or a 8 year lifetime of normal use) is the accepted norm (Rudschies, 2022).

For equation (12), this results in an n = 14,388 for 2030 and n = 716,487 for
2050. The model thus shows that, to reach the 2030 goals if all cars would be electric
with carbon neutral electricity, their lifetime would have to be at least 14,388 km to
compensate for their complete fixed carbon footprint. While the lifetime is
achievable, the condition that all cars go electric by 2030 is not. Similarly, assuming
all cars go electric with carbon neutral electricity, to reach the 2050 goals, lifetime of
716,487 km would compensate for the current fixed footprint of BEV production.
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5 Conclusions and further research

In our contribution, we analysed an abstract mathematical model behind generic
pollutant-footprint neutrality. The model yields a set of constraints that together
define a feasible set of strategies towards reaching neutrality of a specific pollutant.
In the model, the distinction between fixed and recurrent emissions plays a crucial
role. We apply the findings of the model to propose structural LCA, based on
bookkeeping the distinction between recurring and fixed pollutant emissions. We
illustrate the model using the data of the German transportation sector and
demonstrate the trade-off between increasing lifetime of the vehicles vs. reducing

the footprint of the car production.

Several similar trade-off constraints can be produced using the stated mathematical
model. Altogether, these constraints define a feasible set of general policies and
individual approaches to carbon neutralizability of various products and services.
Our prototype investigation has piloted some of the constraints on the German
transportation sector. In the future research, we plan to extend the model with
additional constraints that can be investigated given the available data, thus allowing
to formalise the concept of feasible policy set. Furthermore, we plan to investigate
the availability of the data for sectors beyond transportation and countries beyond

Germany.

Structural LCA that we introduced has applications both in political and corporate
decision making (through the above-described feasible set of policies) as well as in
corporate planning and decision making. Furthermore, it allows management to
identify opportunities and clearly communicate corporate policies to investors,
clients, employees, local communities, and other stakeholders. In our future

research, we will investigate these aspects of the newly introduced concepts.

References

Bundesministerium fiir Umwelt, Naturschutz, Bau und Reaktorsicherheit (BMUB) (2016).
Klimaschutzplan 2050. Available:
https:/ /www.bmwk.de/Redaktion/DE/Publikationen/Industrie/klimaschutzplan-
2050.pdf?__blob=publicationFile&v=1

Bundesministerium  fir Umwelt, Naturschutz und nukleare Sicherheit (BMU) (2019).
Klimaschutzprogramm 2030 der Bundesregierung zur Umsetzung des Klimaschutzplans 2050.
Available:


https://www.bmwk.de/Redaktion/DE/Publikationen/Industrie/klimaschutzplan-2050.pdf?__blob=publicationFile&v=1
https://www.bmwk.de/Redaktion/DE/Publikationen/Industrie/klimaschutzplan-2050.pdf?__blob=publicationFile&v=1

S. Brun, D. Hojkar, S Tertinek, D. Bokal: Structural 1.CA as a Tool to Environmental

Neutralizability of Products and Services 203

https:/ /www.bundestegierung.de/tesource/blob/974430/1679914/c8724321decefc59ccall
10063409b50/2019-10-09-klima-massnahmen-data.pdf?download=1

Deutscher Bundestag (2022). Emissionsausstofl und CO2-Vermeidungskosten von Elektro- und Plug-
In-Hybrid-Autos. Available:
https://www.bundestag.de/resource/blob/905894/£93260922329673bcdbc2daaal f8b94d /W
D-5-067-22-pdf-data.pdf

European Commission (a) (n. d.). 2030 climate targets. Available: https://climate.ec.curopa.cu/cu-
action/ climate-strategies-targets/2030-climate-targets_en

European Commission (b) (n.d.). The European Green Deal Available:
https://commission.curopa.cu/strategy-and-policy/ priotities-2019-2024 / european-green-
deal_en

European Commission (23 February 2022). Questions and Answers: The European Battery Alliance:
progress made and the way forward. Available:
https://ec.europa.eu/commission/presscorner/detail/en/qanda_22_1257

European Commission (c) (n.d.). Energy Efficiency. Available:
https://eippcb.jrc.ec.curopa.cu/reference/ energy-efficiency

European Council (27.6.2022). "Fit for 55": Council agrees on higher targets for renewables and energy
efficiency. Available:
https:/ /www.consilium.europa.cu/en/press/press-releases/2022/06 /27 / fit-for-55-council-
agrees-on-higher-targets-for-renewables-and-energy-efficiency/

European Council (9.10.2023(a)). Renewable energy: Council adopts new rules. Available:
https:/ /www.consilium.europa.cu/en/press/press-releases/2023/10/09/renewable-energy-
council-adopts-new-rules/

European Council (30.3.2023(b)). Council and Parliament reach provisional deal on renewable energy
directive. Available:
https:/ /www.consilium.europa.cu/en/press/press-releases/2023/03/30/ council-and-
patliament-reach-provisional-deal-on-renewable-energy-directive/

European Council (28.3.2023(c)). ‘Fit for 55’ Council adopts regulation on CO2 emissions for new

cars and vans. Available: https://www.consilium.europa.cu/en/press/press-
releases/2023/03/28/ fit-for-55-council-adopts-regulation-on-co2-emissions-for-new-cars-
and-vans/

European  Council = (3.1.2024).  Paris  Agreement on  climate change.  Available:
https:/ /www.consilium.ecuropa.cu/en/policies/ climate-change/ paris-agreement/

European Parliament (27.10.2022). Deal confirms zero-emissions target for new cars and vans in 2035.
Available: https://www.europatl.curopa.cu/news/en/press-room/202210241PR45734/deal-
confirms-zero-emissions-target-for-new-cars-and-vans-in-2035

European Parliament (14.2.2023). Fit for 55: zero CO2 emissions for new cars and vans in 2035.
Available:  https://www.curopatl.europa.cu/news/en/press-room/20230210IPR 74715/ fit-
for-55-zero-co2-emissions-for-new-cars-and-vans-in-2035

European Union Law (25.4.2023 (a)). REGULATION (EU) 2023/851 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL. Available: https://cut-lex.curopa.cu/legal-
content/ EN/TXT/?uri=celex:32023R0851

European Union Law (17.12.2010). DIRECTIVE 2010/75/EU OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL. Available: https://cur-lex.curopa.cu/legal-
content/ EN/TXT/?uri=celex%3A32010L0075

European Union Law (22.12.2023 (b)). COMMISSION DELEGATED REGULATION (EU)
2023/2772 of 31 July 2023 supplementing Directive 2013/34/EU of the European Parliament
and of the Council as regards sustainability reporting standards. Available: https://eut-
lex.europa.cu/legal-content/en/TXT/?uri=CELEX:32023R2772

EU Monitor (13.4.2023). What is carbon neutrality and how can it be achieved by 2050? Available:
https:/ /www.ecumonitor.cu/9353000/1/j9vvik7m1c3gyxp/vI2fnepc5uzgretx=vimhg41ub7p

p


https://www.bundesregierung.de/resource/blob/974430/1679914/c8724321decefc59cca0110063409b50/2019-10-09-klima-massnahmen-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/974430/1679914/c8724321decefc59cca0110063409b50/2019-10-09-klima-massnahmen-data.pdf?download=1
https://www.bundestag.de/resource/blob/905894/f93a609aa329673bcdbc2daaa1f8b94d/WD-5-067-22-pdf-data.pdf
https://www.bundestag.de/resource/blob/905894/f93a609aa329673bcdbc2daaa1f8b94d/WD-5-067-22-pdf-data.pdf
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2030-climate-targets_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2030-climate-targets_en
https://www.consilium.europa.eu/en/press/press-releases/2023/10/09/renewable-energy-council-adopts-new-rules/
https://www.consilium.europa.eu/en/press/press-releases/2023/10/09/renewable-energy-council-adopts-new-rules/
https://www.consilium.europa.eu/en/press/press-releases/2023/03/28/fit-for-55-council-adopts-regulation-on-co2-emissions-for-new-cars-and-vans/
https://www.consilium.europa.eu/en/press/press-releases/2023/03/28/fit-for-55-council-adopts-regulation-on-co2-emissions-for-new-cars-and-vans/
https://www.consilium.europa.eu/en/press/press-releases/2023/03/28/fit-for-55-council-adopts-regulation-on-co2-emissions-for-new-cars-and-vans/
https://www.consilium.europa.eu/en/policies/climate-change/paris-agreement/
https://www.europarl.europa.eu/news/en/press-room/20221024IPR45734/deal-confirms-zero-emissions-target-for-new-cars-and-vans-in-2035
https://www.europarl.europa.eu/news/en/press-room/20221024IPR45734/deal-confirms-zero-emissions-target-for-new-cars-and-vans-in-2035
https://www.europarl.europa.eu/news/en/press-room/20230210IPR74715/fit-for-55-zero-co2-emissions-for-new-cars-and-vans-in-2035
https://www.europarl.europa.eu/news/en/press-room/20230210IPR74715/fit-for-55-zero-co2-emissions-for-new-cars-and-vans-in-2035
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32023R0851
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32023R0851
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32010L0075
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32010L0075
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:32023R2772
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:32023R2772
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl2fnepc5uzq?ctx=vjmhg41ub7pp
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl2fnepc5uzq?ctx=vjmhg41ub7pp

43RD INTERNATIONAL CONFERENCE ON ORGANIZATIONAL SCIENCE DEVELOPMENT:

204
GREEN AND DIGITAL TRANSITION — CHALLENGE OR OPPORTUNITY

P. Greenfield and F. Harvey (2023). Critical or concerning? Cop28 debates role of carbon markets in
climate crisis. Available: https://www.theguatdian.com/environment/2023/dec/13/ ctitical-
or-concerning-cop28-debates-role-of-carbon-markets-in-climate-crisis

W. Rudschies (2022). Elektroauto-Batterie: Lebensdauer, Garantie, Reparatur. Available:
https:/ /www.adac.de/rund-ums-fahrzeug/ elektromobilitact/info/ elektroauto-batterie/

WeCOOP (n.d.). Best Available Techniques. Available: https://wecoop.cu/glossary/bat/

Umwelt  Bundesamt  (2018).  Projektionsbericht 2021  fiir ~ Deutschland.  Available:
https:/ /www.umweltbundesamt.de/sites/default/ files/medien/372/dokumente/ projektons
bericht_2021_uba_website.pdf

Umwelt Bundesamt (2023(a)). Fahrleistungen, Verkehrsleistung und Modal Split in Deutschland.
Available:
https:/ /www.umweltbundesamt.de/daten/ verkehr/ fahtleistungen-verkehtsaufwand-modal-
split#fahrleistung-im-personen-und-guterverkehr

Umwelt Bundesamt (2023(b)).  Verkehrsinfrastruktur und  Fahrzeugbestand.  Available:
https:/ /www.umweltbundesamt.de/daten/verkeht/verkehrsinfrastruktur-
fahrzeugbestand#lange-der-verkehrswege

Umwelt Bundesamt (2023(c)). Verkehr belastet Luft und Klima - Minderungsziele der
Bundestegierung. Available: https://www.umweltbundesamt.de/daten/verkeht/emissionen-
des-verkehrs#verkehr-belastet-luft-und-klima-minderungsziele-der-bundesregierung

Umwelt Bundesamt (2023(d)). Indikator: Treibhausgas-Emissionen der Industrie. Available:
https:/ /www.umweltbundesamt.de/daten/umweltindikatoren/indikator-treibhausgas-
emissionen-der-industrie#die-wichtigsten-fakten


https://www.theguardian.com/environment/2023/dec/13/critical-or-concerning-cop28-debates-role-of-carbon-markets-in-climate-crisis
https://www.theguardian.com/environment/2023/dec/13/critical-or-concerning-cop28-debates-role-of-carbon-markets-in-climate-crisis
https://www.adac.de/rund-ums-fahrzeug/elektromobilitaet/info/elektroauto-batterie/
https://wecoop.eu/glossary/bat/
https://www.umweltbundesamt.de/sites/default/files/medien/372/dokumente/projektionsbericht_2021_uba_website.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/372/dokumente/projektionsbericht_2021_uba_website.pdf
https://www.umweltbundesamt.de/daten/verkehr/verkehrsinfrastruktur-fahrzeugbestand#lange-der-verkehrswege
https://www.umweltbundesamt.de/daten/verkehr/verkehrsinfrastruktur-fahrzeugbestand#lange-der-verkehrswege
https://www.umweltbundesamt.de/daten/verkehr/emissionen-des-verkehrs#verkehr-belastet-luft-und-klima-minderungsziele-der-bundesregierung
https://www.umweltbundesamt.de/daten/verkehr/emissionen-des-verkehrs#verkehr-belastet-luft-und-klima-minderungsziele-der-bundesregierung
https://www.umweltbundesamt.de/daten/umweltindikatoren/indikator-treibhausgas-emissionen-der-industrie#die-wichtigsten-fakten
https://www.umweltbundesamt.de/daten/umweltindikatoren/indikator-treibhausgas-emissionen-der-industrie#die-wichtigsten-fakten

