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Al, Climate, and Transparency:
Operationalising and Improving the Al Act

This paper critically examines the Al Act's provisions on cli-
mate-related transparency, highlighting significant gaps and
challenges in its implementation. We identify key shortcom-
ings, including the exclusion of energy consumption during
Al inference, the lack of coverage for indirect greenhouse
gas emissions from Al applications, and the lack of standard
reporting methodology. The paper proposes a novel inter-
pretation to bring inference-related energy use back within
the Act's scope and advocates for public access to climate-
related disclosures to foster market accountability and public
scrutiny. Cumulative server level energy reporting is recom-
mended as the most suitable method. We also suggest
broader policy changes, including sustainability risk assess-
ments and renewable energy targets, to better address Al's
environmental impact through transparency measures that
facilitate competition among model providers and allow con-
scious consumer decisions. Finally, we provide first insights
on the General-Purpose Al Model Code of Practice as it re-
lates to climate reporting.

l. Introduction

The climate implications of artificial intelligence (Al), includ-
ing energy and water consumption, are increasingly subjected
to public scrutiny and academic research'. In one respect, the
application of Al in environmental issues provides numerous
promising opportunities for more effectively tackling climate
and sustainability challenges®. These include advancements in
carbon measurement for cloud computing?, utilising earth
observation to aid electricity grids in achieving carbon neu-
trality*, enhanced decision-making for carbon capture tech-
nologies®, and accelerating scientific processes across various

fields®.

In another respect, energy efficiency targets for data centres
are under discussion,” and there is concern that their energy
consumption could surpass the available supply of renewable
energy. Major companies like Google have reported that
increased energy demand related to Al endangers their car-
bon zero strategies®.

As in many collective action problems, regulation may play a
major part in mitigating the negative impact of Al on climate
while fostering socially beneficial use cases. Additionally,
recent studies suggest that thoughtful regulation even fosters
necessary green innovation in the industry’. Globally, several
initiatives are underway to establish legal frameworks for Al
The most prominent example is probably the EU AI Act!?,
which has just become applicable at the beginning of August
2024. The Act also includes significant sections concerning
climate impacts, primarily reporting obligations. Thus, one
might hope, the climate effects of Al could become a relevant
market parameter; have reputational repercussions; and en-
able public scrutiny, by analysts and NGOs.

Against this background, this article offers a novel legal-
technical analysis of the transparency provisions of the Al

Act, making three core contributions. First, we demonstrate
that the Act falls short in several critical areas. Second, we
show that even within its current scope, operationalising its
mandates poses significant challenges. Third, we propose
targeted reforms for legislators: (i) reinterpret Art. 11 and 53
to encompass inference energy; (ii) operationalize energy dis-
closure via cumulative server-level measurement and provide
PUE numbers; (iii) extend reporting to indirect greenhouse
gas emissions and data-center water use; and (iv) mandate
public release of all climate-related data. These recommenda-
tions would provide the Act with the rigour and accountabil-
ity essential for sustainable Al governance and inform broad-
er policy initiatives, including the United Nations’ Global
Digital Compact currently under discussion at the United
Nations.
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Il. Climate Transparency and the Al Act: Gaps and
Interpretation Challenges

Any change for the better starts with information about what
is wrong. However, at the moment, it is often unclear what
the exact impact of the development and usage of an Al
model is concerning energy and water consumption. The Al
Act seeks to provide a remedy by forcing certain Al providers
to make climate-related disclosures. However, the patchwork
of provisions includes seven significant ambiguities and loop-
holes.

First, for high-risk Al systems, providers are required under
Art. 11(1) to document the computational resources used in
development, training, testing, and validation, as per Annex
IV(2). However, there is no explicit requirement to disclose
energy consumption, limiting the comparability of, and trans-
parency on, the environmental impact of these high-risk sys-
tems to estimates based on the documented computational
resources.

Second, the Al Act imposes transparency obligations on pro-
viders of general-purpose Al (GPAI) models, particularly con-
cerning energy consumption. Under Art. 53(1)(a), providers
must maintain up-to-date technical documentation that in-
cludes information specified in Annex XI, which requires
known or estimated energy consumption of the model, with
estimates potentially based on computational resources.
However, this requirement focuses on the model’s develop-
ment phase, excluding the inference phase, as it forms part of
the requirements in Annex XI Section 1 para. 2, which refers
to “information of the process for the development [of the
model].” If indeed the energy consumption is restricted to
training and excludes inference (see below, V.), this constitu-
tes a significant oversight given the potentially much greater
cumulative energy consumption during inference!!. To ad-
dress this gap, a novel interpretation can be considered.
Art. 53(1)(a) and (b), in conjunction with Annex XI and
Annex XII, require providers to include in the documentation
for downstream Al system providers and authorities informa-
tion on the technical means needed to integrate the GPAI
model into Al systems. Although energy consumption is not
explicitly mentioned, these provisions should, arguably, be
interpreted to include information on hardware require-
ments, allowing downstream providers to estimate the energy
consumption for inference. This novel interpretation would
indirectly ensure transparency regarding inference energy
use.

A third issue arises with open-source (OS) GPAI models,
which are generally exempt from transparency obligations
unless they pose a systemic risk (Art. 53(2)). Recital 102
emphasises transparency for OS models but does not include
energy consumption in the information that must be dis-
closed. Rather, the focus is on parameters, model architec-
ture, and usage information, leaving a gap in transparency
regarding the energy impact of these models.

Fourth, regarding fine-tuning, Recital 97 seems to imply that
an entity engaging in any, even minuscule, fine-tuning of a
GPAI model automatically becomes the provider of a new
model, with all corresponding duties. For minor changes, this
seems excessive, even though Recital 109 suggests that re-
porting obligations are limited to that fine-tuning. However,
Art. 25(1)(b) holds that, for high-risk Al systems (e.g., in
recruitment), only a substantial modification bestows provi-
der status upon the modifying entity. This rule could be
analogised for fine-tuning, such that only substantial model

modifications via fine-tuning lead to provider status, protect-
ing smaller entities. Commission Guidelines are expected
over the summer on this issue, and they will likely contain a
Floating Point Operations (FLOP) threshold: if the fine-tun-
ing uses less than 1/3 of the FLOPs of the original model, a
presumption is triggered that the modification is not substan-
tial.1> However, as scholars have suggested, providers still
need to conduct a consequence scanning exercise to deter-
mine if their modification significantly changes the risk pro-
file of the model, leading to a “compute and consequence”
test for new provider status.3

Fifth, the AT Act overlooks the greenhouse gas (GHG) effects
of Al applications, such as those used in oil and gas explora-
tion'*. This omission leaves a significant gap, as these appli-
cations can substantially contribute to climate change, yet
their environmental impact remains unreported.

Sixth, while the Act requires energy consumption to be docu-
mented, this information is only available to authorities, not
downstream providers (unless our suggested interpretation is
adopted), and certainly not to the general public. Without
broader access to this data, transparency and accountability
are significantly curtailed, hindering market effects based on
climate reporting, independent research and verification, and
public scrutiny by analysts and NGOs.

Finally, the Act also fails to address the use of toxic materials
and water consumption, a critical factor in data centre opera-
tions. While most data centres in the EU must report their
water usage under the Energy Efficiency Directives, the Al
Act lacks a specific attribution to Al, as stipulated for energy
consumption, and computing outside the EU is not covered.
Given the significant water usage for cooling in data centres,
this omission leaves a major aspect of Al’s environmental
impact unreported.

lll. Operationalising the Requirements:
Implementation Challenges

As the previous section showed, under the current version of
the AT Act, GPAI providers must log the energy consumption
used for training GPAI models. To operationalise this provi-
sion, it is crucial to clarify how energy consumption should
be measured or estimated. We discuss three methods: mea-
surement at the data centre level; at the cumulative server
level; and at the individual graphic-processing unit (GPU)
level.

Energy efficiency in data centres is measured by the Power
Usage Effectiveness (PUE) metric. It denotes the ratio of total
energy used by the data centre to the energy consumed by its
computational hardware. A lower PUE indicates higher en-
ergy efficiency, with a global average PUE of 1.58 recorded
in 20236, When measuring energy consumption at the data
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centre level, the advantage lies in capturing the total power
usage, including both direct computing energy and overhead
like cooling. This provides a comprehensive overview and
encourages efficient data center selection. However, it can
obscure the energy impacts of specific model architecture or
software inefficiencies, as these are influenced by the data
center’s overall efficiency. Estimating with the PUE ratio is
practical but may lack precision for specific model-level in-
sights.

At the cumulative server level, i.e., for all utilized servers
within one data center, energy measurement with power dis-
tribution units is highly accurate, closely reflecting model
size, data volume, and software efficiency. This method is
recognized in the industry and can provide detailed insights
into energy consumption. However, not all data centers cur-
rently track power demand at this level, and implementing
such systems can be time-consuming!”. While cloud providers
like AWS and Azure may have these capabilities, widespread
reporting standards are lacking, potentially disadvantaging
smaller companies.

Finally, measuring energy usage at the GPU level within a
server is straightforward with on-chip sensors for compo-
nents like NVIDIA GPUs, which offer user-friendly monitor-
ing. However, this approach significantly underestimates to-
tal energy consumption as it only accounts for a single com-
ponent, missing the broader picture of server-wide energy
use. Therefore, it is not recommended for comprehensive
energy tracking.

IV. Discussion and Policy Proposals

The Al Act is a first step toward mandatory Al-related
climate reporting, but is riddled with loopholes and vague
formulations. To remedy this, we make six key policy propo-
sals. Such mechanisms should not only be included in the
evaluation report due in August 2028 (Art. 111(6)), but in
any interpretive guidelines by the AI Office and other agen-
cies, reviews and potential textual revisions beforehand.

The primary weakness of the Al Act is the exclusion of
inferences from explicit and mandatory energy consumption
reporting. While we offer a solution for interpretation, it is
unclear whether courts, agencies and companies will follow
this route. This significantly hampers the assessment of future
Al energy usage, related carbon emissions, and effects on
(renewable) energy infrastructure. Hence, future guidance
from the AT Office, and delegated acts by the Commission
(Art. 53(5) and (6)), should explicitly include inference as a
reporting category, both in Annex XI (for the Al office) and
XI1I (for downstream actors).

Another major challenge is the failure to include indirect
emissions by Al applications (e.g., for oil and gas explora-
tion) and water consumption within the reporting obliga-
tions. This should be remedied at the provider (water) and
the deployer level (applications).

Third, the consequences of minor fine-tuning operations on
GPAI remain unclear. It would be beneficial to tie the energy
reporting requirement to the mechanism of training (fitting
model weights) and incorporate a minimum computational
cost threshold, as this would encompass energy-intensive
training and fine-tuning for reasonably sized workloads.

The open source exemption, fourth, should be revoked.
There is no convincing reason to abstain from climate report-
ing only because other parts of the model are made public
and transparent.

Fifth, energy consumption measurements ought to be con-
ducted at the cumulative server level and reported accord-
ingly. This reflects the total computation-related power
usage. Furthermore, the PUE factor of each data centre, as
measured and reported under the Energy Efficiency Directive
(EU) 2023/1791 and Delegated Regulation (EU) 2024/
1364'3, provides information for a relevant estimate of the
overall energy consumption. By reporting these numbers se-
parately, we can differentiate between the power usage speci-
fic to the model (server-level computation) and the efficiency
of the data centre, thus reflecting the realistic overall energy
investment. Estimations for server-level power consumption
should utilise peak utilisation values from the hardware man-
ufacturer (e.g., NVIDIA). When actual measurements are
available, they must be prioritised over estimations. The ulti-
mate aim is to secure as precise power consumption data as
possible, allowing for flexibility for model providers with
limited access to data infrastructure (such as for finetuning
with substantial modification), while also ensuring that esti-
mations are not misused to avoid accurate measurement
reporting. These considerations should inform both the tech-
nical standards drafted under Art. 40 Al Act and the possible
implementation of the Global Digital Compact at the interna-
tional level.

Finally, sixth, all climate-related disclosures must urgently be
made available to the general public, not only to authorities
and, potentially, downstream actors. Trade secrets and intel-
lectual property do not stand in the way if only aggregate
numbers at the cumulative server level are reported. Only in
this way, market pressure can build up, reputational effects
set in, and public scrutiny via analysts, academics, and NGOs
unfold its incentivising force.

Shortcomings in the Al Act Concerning Climate Reporting,
and Policy Proposals

Shortcomings Policy Proposals

Explicitly include inference in energy re-
porting obligations in Annexes XI and
XII.

Extend reporting obligations to include
water consumption and indirect GHG
emissions from Al applications.

1. Inference Energy
Consumption Ex-
clusion

2. Indirect Emis-
sions and Water
Consumption

3. Fine-Tuning Un-
certainty

Clarify uncertainty of reporting obliga-
tions by tying them to computational
cost and training mechanisms.

Revoke exemption to ensure compre-
hensive climate reporting.

4. Open-Source
Models

5. Lack of Standard Measure energy consumption at the cu-
Reporting Metho-  mulative server level, with separate
dology PUE.

6. Lack of Public =~ Make all climate-related disclosures
Access to Energy  publicly available to foster transparency
Data and market accountability.
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V. The Code of Practice

Importantly, however, the Al Act rules on climate effects
have just received a major update as they constitute one part
of the recently published General-Purpose Al Code of Prac-
tice (CoP)."® It complements the AI Act by offering a volun-
tary, yet concrete framework for providers of general-pur-
pose Al models to demonstrate compliance with the regula-
tory obligations in the GPAI chapter of the AT Act. Published
on July 10,2025, the Code emerged from a transparent, mul-
ti-stakeholder drafting effort led by the European AI Office
and independent researchers with participation from nearly
1,000 experts across industry, civil society, academia, rights-
holders, and Member State representatives. It addresses three
core chapters—Transparency, Copyright, and Safety & Se-
curity—each mapping to corresponding obligations under
Articles 53 and 55 of the AT Act.

The Transparency chapter provides a user-friendly Model
Documentation Form to aid providers in meeting the Al Act’s
requirements for technical documentation, copyright infor-
mation, and training data summaries under Article 53. The
Copyrlght chapter guides providers through implementing
policies necessary to comply with EU copyright law obliga-
tions under the same article. The Safety & Security chapter
applies only to providers of the most advanced, high-risk
models—those subject to Article 55—and offers concrete
measures for systemic risk taxonomy, risk assessment, inci-
dent reporting, and cybersecurity.

The Code is now undergoing adequacy assessment by the Al
Office and Member States. Once endorsed (Art. 56(6) Al
Act), it will serve as a practical early implementation tool to
ease compliance burden. Signatories will benefit from a pre-
sumption of conformity (Art. 53(4) and 55(2) Al Act). Mis-
tral and OpenAl were the first companies who committed to
indeed sign and abide by the CoP.

The CoP, in its Transparency chapter, introduces reporting
requirements on energy consumption—notably during both
the training and inference phases of GPAI models.?’ Provi-
ders must disclose the amount of energy used for training,
expressed in megawatthours (MWh) and recorded with at
least two significant figures (e. g. 1.0x102 MWh).

In the absence of a delegated act pursuant to Article 53(5) of
the AI Act specifying standardised measurement methodolo-
gies, providers must describe the method used to measure or
estimate training energy consumption. This includes explain-
ing whether the estimation is based on direct measurements
or indirect calculations derived from known computational
resources. If critical data are unavailable, providers must
identify the specific information they lack.

The real surprise comes in the section on inference. Published
after the initial publication of this paper as a Working Paper,
the CoP takes up our general suggestion to interpret the Al
Act in a way compatible with inference reporting, but based
on a different legal reasoning. The CoP requires disclosure of
the benchmarked amount of computation, reported in float-
ing point operations and recorded with at least two signifi-
cant figures (e.g. 5.1x10Y7 FLOPs). Providers must describe
the task used to benchmark inference computation—such as
generating 100,000 tokens—and detail the hardware setup,
for example using 64 Nvidia A100 GPUs. As a basis in the Al
Act, the CoP cites Annex XI Section 1 para. (2)(e), which
requires the disclosure of the “known or estimated energy
consumption of the model.”?! Indeed, this requirement, read
on its own, does not limit the consumption to training. How-

ever, as mentioned (Part IL.), the heading of Section 1 para. 2
suggests that the item indeed may refer to training only
(“development”). If this reading was adopted, then our inter-
pretation provides a further justification for keeping infer-
ence in the CoP, and requiring reporting more generally from
GPAI providers: it forms part of the “technical means needed
to integrate the GPAI model into Al systems” (Annex XI
Section 1 para. (2)(a), Annex XII para. (2)(a)). This reading
has the additional benefit that the benchmarked inference
reporting must be disclosed not only to the AI Office and
National Authorities (Annex XI), but also to downstream
deployers (Annex XII). The lack of access for the general
public, however, remains problematic.

Finally, we do note, however, that some information on
energy consumption may ultimately be accessed by research-
ers. While the public, summarised versions of the Framework
and Model Reports (Measure 10.2, Safety and Security
Chapter) will likely not contain any information on energy,
independent evaluators receive free access to the most cap-
able model versions to facilitate post-market monitoring
(Measure 3.4, Safety and Security Chapter). This not only
mirrors, to a certain extent, Art. 40 DSA, but also provides
researchers with some access to models—and potentially
their inference calculations as it can be argued that environ-
mental effects do form part of systemic risks.?> However, the
measure only applies, like the entire Safety and Security
Chapter, only to GPAI models with systemic risk, which
limits its effectiveness in tracking model inference energy
consumption.

Overall, the CoP does address the problem of inferences in a
laudable way; and it provides some limited external oversight
via researchers. But generally, the policy suggestions we have
sketched remain to be enacted, through guidelines, imple-
menting acts, a revision of the Code of Practice, or even the
AT Act itself.

VI. Conclusion

This paper tackles some of the complexities at the intersec-
tion of Al climate and regulation. The AI Act does contain
significant climate reporting obligations. By drawing on tech-
nical and legal research, we show that they contain too many
loopholes, and are difficult to operationalize. Perhaps most
importantly, even though recent research has shown infer-
ence to be a major driver of Al-related GHG emissions, this
key area is omitted from the Al Act. A novel interpretation of
the Act’s reporting obligations might bring inference back
within its scope. Furthermore, none of the climate disclosures
are initially open to the public. We suggest changing this
urgently to kickstart market pressure, induce reputational
effects among consumers, and enable crucial public scrutiny,
e.g. by academics and NGOs, beyond Measure 3.4 of the
CoP’s Safety and Security Chapter. For model providers, our
transparency proposals enable essential global competition
for green innovation in Al models, which currently exists
through very indirect and intransparent economic measures,
such as electricity prices or (local) water regulations. For

19 European Commission, ‘The General-Purpose Al Code of Practice’,
10.7.2025, https://digital-strategy.ec.europa.eu/en/policies/contents-cod
e-gpai (accessed 15.7.2025).

20 Nuria Oliver/Rishi Bommasani, ‘Transparency Chapter’ in the Code of
Practice for General-Purpose AI Models, 9, 10.7.2025, https://digital-str
ategy.ec.europa.eu/en/policies/contents-code-gpai (accessed 16.7.2025).

21 Oliver/Bommasani, (n 20), 9, footnote n 1.

22 See Atoosa Kasirzadeh et al., ‘Too Big to Regulate? Systemic Risk in
Market, Al and Platform Regulation’, Working Paper, forthcoming (on
file with the authors).
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consumers, both organisations and individual end-users, this
allows for more informed decisions from both environmental
and reputational standpoints. Additionally, downstream con-
sumers can select the most cost-effective model for their
specific use cases, as inference energy is directly linked to
power consumption and hardware expenses.

However, climate reporting can only be a first step in addres-
sing the massive and fast-rising environmental impact of Al

models and systems. It must be complemented by substantive
obligations, including sustainability risk assessment and man-
agement, renewable energy targets for data centres, and po-
tentially even (tradable) caps on the energy and water con-
sumption of data centres and similar major consumption
drivers in the Al value chain?3. [ |

23 Hacker (n 1) 345.

Michael Rose, J6rg Hoffmann, Dietmar Harhoff*

Digital Consumer Law, Competition and the (Un-)Informed Consumer:
Evidence from a Survey among German Consumers

l. Introduction

In recent years, policymakers at the European level have
enacted legislation aimed at harnessing digital possibilities to
improve consumer welfare, enhance competition, and reduce
costs. Examples include the Second Payment Services Direc-
tive (PSD2) or the Digital Content Directive.! Policymakers
were motivated by a desire to spur competition, stimulate the
EU digital economy and to achieve a high level of consumer
protection.

However, action on the part of consumers requires awareness
of their rights. As Ben-Shahar and Schneider put it, ‘[d]isclo-
sees cannot use information until they get it. But they often
do not get it because they do not know that it exists, where it
is, or how to find it, and they often doubt that they need it or
that it would justify its acquisition costs’.?

To probe the awareness of the new consumers rights, we
conducted a representative survey of German consumers in
October 2024. Participants are faced with two simple every-
day scenarios. All scenarios share two key characteristics:
first, they reflect changes in the legal framework that origi-
nated at the EU level, and second, the aim to foster competi-
tion. These scenarios include whether banks are required to
share data during a bank account transfer and whether sellers
of electronic hardware must provide security updates.

In all scenarios fewer than half of respondents know the
correct answer: 47 % of German consumers know that banks
are required to share data with a new bank upon request in
the case of a bank account transfer. 26.7 % of German con-
sumers are aware that laptop sellers are responsible for pro-
viding security updates—almost two years after the policy-
change. In both cases, about 25 % of Germans don’t know.

Since the new consumer rights aim at increasing competition,
the unawareness of the new rights likely has repercussions on
competition. For instance, PSD2 posits that Banks have to share
account data to facilitate switching financial service provides.
Behavioral factors, especially the lack of willingness to switch
providers, likely result in low customer switching rates. If cus-
tomers did not learn that switching costs reduced thanks to
PSD2, they might perceive the switching costs as too high, and
might thus refrain from changing their bank.? As a result,
incumbents are at an advantage, making the active market
intervention by the state in this form seem more justified.

Our figures also cast doubt on the reality of the ”informed
customer” who weighs their options and chooses the utility-
enhancing one. The expectation, that consumers deal in a

reasonably “reasonably well-informed and reasonably obser-
vant and circumspect” (Recital 18 of the Unfair Commercial
Practices Directive (UCP)) underlies much of the European
Union’s commercial law.*

Previous studies have challenged the notion of the “informed
consumer” in other domains. In the context of health literacy
in Germany for instance, Kilian, Liebig, and Manthey suggest
that this assumption may be flawed as more educated indivi-
duals systematically possess greater knowledge about health
risks.’ Lee demonstrates that the ‘tendency of over-insurance’
of US consumers is partly the result ‘from the lack of infor-
mation about the probability of loss.”®

Uninformed consumers may also at the same time be the
reason and the cause of sub-optimal EU competition policy:
they may participate less in the policy-making because they
do not understand it, and they may not understand it, be-
cause only experts engage in competition policy-making.”

In contrast to the ‘informed consumer’, the concept of the
‘vulnerable consumer’ shifts attention away from the desired
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