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Abstract: The absence of standardized time zones has profound implications, influencing
social, economic, and energy dynamics. It also disrupts personal aspects, such as sleep
patterns and family routines. One specific dimension of this issue is the transition to day-
light saving time (DST), which entails shifting between standard time (winter) and daylight
saving time (summer). This practice has sparked global debates due to its varying impacts
across regions and sectors. Although DST primarily aims to optimize energy consump-
tion by leveraging natural daylight, much attention has focused on its broader societal
effects. However, the energy performance of commercial buildings under DST remains
an underexplored yet equally significant area. This article presents a literature review to
critically evaluate the effects of the winter-to-summer time shift on commercial buildings,
concentrating on three key factors: energy consumption, where seasonal variations in
lighting, heating, and cooling demands may alter anticipated energy savings; occupant
thermal comfort, as time changes can disrupt the circadian rhythms of building occupants,
impacting productivity and well-being; and operational considerations, as building systems
like HVAC and automated controls must adjust to shifting daylight schedules. Accordingly,
this review seeks to offer a comprehensive understanding of how the winter-summer
time transition affects commercial buildings by analyzing energy consumption patterns,
occupant comfort levels, and operational challenges. In doing so, it contributes to optimiz-
ing building management practices under varying daylight conditions to enhance energy
efficiency and occupant satisfaction.

Keywords: energy efficiency; daylight save time; energy management; sustainable campuses

1. Introduction

The transition between winter and summer time, commonly known as daylight saving
time (DST), involves setting clocks forward in the spring and back in the autumn, with
the initial aim of saving energy by extending daylight hours. Although the overall energy-
saving advantages of daylight saving time (DST) have been extensively examined, its
particular impacts on service buildings—such as offices, schools, hospitals, and other
facilities—remain inadequately known and require additional investigation. The potential
impacts on service buildings, ranging from energy consumption and lighting, HVAC
systems, operating costs, human behavior, and productivity to maintenance and scheduling,
are not well discussed, so addressing this knowledge gap could inform policy decisions
and optimize building management practices during seasonal time changes.
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The debate surrounding DST has largely centered on its societal and residential energy
impacts, yet its effects on commercial buildings remain insufficiently understood despite
their substantial contribution to national energy consumption. Commercial buildings,
including offices, schools, and hospitals, account for a significant portion of energy use due
to their reliance on lighting, heating, ventilation, and air conditioning (HVAC) system:s,
all of which are influenced by daylight availability and occupancy schedules. This study
addresses this gap by examining how the biannual time shift impacts energy efficiency, oc-
cupant comfort, and operational management in these settings. By focusing on commercial
buildings, we aim to provide actionable insights for building managers and policymakers,
contributing to the broader discourse on DST’s efficacy as an energy-saving measure.

In most European countries, the shift to DST has a considerable impact on the distribu-
tion of daylight hours. In particular, the clock adjustment has the rather contradictory effect
of making nights longer and days shorter. The change in social time in relation to solar
time, which causes a discrepancy with natural daylight patterns, could have an impact on
this observation. Due to Europe’s geographic location, the effects of summer may be more
evident because natural daylight hours already show notable seasonal variations. As a
result, some important issues need to be addressed, primarily the perception of night and
day length, the energy implications, the behavioral and health effects, and the regional and
seasonal effects [1].

The time change from summer to winter (summertime back to standard time) has been
the subject of widespread debate, with opinions divided on its benefits and drawbacks.
The different perspectives reflect different priorities such as energy savings, public health,
economic impact, and societal well-being. Arguments in favor of the time change point
out that, in terms of energy savings, the original rationale for summertime was to save
energy, in particular, to reduce the need for evening lighting; however, there appears to be
a modest reduction in energy consumption for lighting and cooling during the summer
months, although the effect in winter is less clear. The results presented by Verdejo et al. for
Chile indicate that the time change leads to a marginal reduction in residential electricity
consumption, but that this reduction is not homogeneous across the Chilean territory [2].
This finding reflects the complexity of the effects of summertime, which can vary according
to regional, climatic, and behavioral factors. According to the author, this reinforces the
need to rethink this practice and evaluate alternatives that optimize energy use and reduce
negative impacts on the population. Still on the same approach, in the study by Mirza and
Bergland, the effect of DST leads to an average annual reduction in electricity consumption
of 519 GWh in southern Norway and 882 GWh in Sweden [3]. These reductions translate
into annual financial savings of EUR 16.1 million in southern Norway and EUR 30.1 million
in Sweden. According to the authors, these savings are significant for countries with
high electricity costs and dependence on limited natural resources as these savings can
be redirected toward investments in energy efficiency or renewable energy infrastructure.
Sweden shows the largest savings, both in GWh and in euros, probably due to differences
in energy consumption patterns, tariff structures, or how summertime affects natural light
availability. Similarly, the study by Ahuja and SenGupta [4] highlights that the effect of
DST on reducing electricity consumption is not uniform throughout the day. In the two
regions of India analyzed, the following was observed: small but significant reduction in
morning consumption. Although DST often results in greater darkness in the morning, the
impact on electricity consumption is moderate. This may be due to efficient consumption
practices or to the fact that many morning activities take place at times when natural
light is still available. The greatest savings occur at night, when longer daylight hours
would significantly reduce the need for artificial lighting and possibly heating in milder
climates. This effect is more pronounced because of the coincidence between the periods of
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highest human activity and the availability of natural light [4]. Accordingly, the Flores and
Luna research [5] estimates that the energy savings attributed to DST amount to 0.5% of
total electricity consumption. The 0.5% savings reflect a real but limited reduction in total
electricity consumption, so DST alone may not be a significant tool for addressing large-
scale energy challenges [5]. On the other hand, they note that the effect of summertime
varies over the period it is in effect, which can be influenced by changes in human behavior
(e.g., gradual adjustment to new routines); and seasonal and climatic factors, such as
variations in day length and average temperatures. The authors point out that greater
savings can be achieved on days with greater overlap between human activity times and
daylight hours. They conclude that the usefulness of DST should be assessed in conjunction
with other policies to maximize energy and economic benefits.

In terms of public safety, more daylight in the evenings during the summer months is
thought to reduce road accidents and improve safety, and the return to standard time in
winter aligns waking hours more closely with sunrise, potentially improving visibility and
safety in the morning. In terms of seasonal adaptation, the time change takes account of
natural seasonal variations in daylight and better aligns human activities with available
light. On the other hand, arguments against the time change point out that energy savings
are minimal since modern energy consumption patterns (e.g., the widespread use of heating
and cooling systems and electronic devices) mean that any savings in lighting are often
offset by increased energy consumption in other areas. Within this context, the studies
by Kellogg and Wolff, Kotchen and Grant, and Marshall analyze the effects of DST in
different regional contexts (Australia, the USA, and Chile, respectively) and conclude that
the introduction or extension of DST does not necessarily lead to energy savings. This
conclusion challenges the original premise of DST as an energy efficiency policy. Kellogg
and Wolff (Australia), based on “natural experiments” in Australia, found that DST did
not result in significant energy savings. Savings in lighting were offset by increased use
of HVAC (heating or cooling), especially in extreme climates [6]. Kotchen and Grant
(USA) suggest that extending DST may increase energy consumption in certain regions.
During the colder months, the increase in heating demand in the dark mornings outweighs
the reduction in electricity use for lighting in the evenings [7]. Marshall (Chile) showed
that DST had little or no impact on total energy consumption. This may be related to
country-specific consumption characteristics and climatic conditions that influence energy
use for heating and cooling [8]. The studies highlight the need to reconsider DST as an
energy efficiency measure and to explore more effective strategies adapted to regional
needs. The study by Shimoda et al. based on energy simulations concludes that the
implementation of DST in Osaka, Japan, would lead to an increase in residential electricity
consumption, challenging the notion that DST necessarily leads to energy efficiency [9].
The study found that DST not only fails to reduce energy consumption but increases
it, mainly due to the increased use of air conditioning during warmer nights and the
tendency of residents to extend nighttime activities when the sun sets later. Osaka’s hot
and humid climate increases reliance on cooling devices such as fans and air conditioners
during the summer months, and prolonged natural light in the late afternoon can increase
this demand by creating greater thermal discomfort in the early evening. As the study
focused on residential buildings, it was emphasized that these environments are more
directly affected by climatic conditions and daily habits than commercial or industrial
buildings. However, the increase observed in Osaka reflects a specificity of local climatic
conditions and consumption patterns. Similarly, the study by Kandel and Sheridan [10]
based on a time series approach analyzed the impact of DST on electricity consumption
in California and concluded that the effects are ambiguous because the DST effect on
electricity consumption is not uniform throughout the period. In some seasons, energy



Energies 2025, 18, 2088

4 0of 28

consumption may be slightly reduced, while in others it may increase. These variations
are attributed to factors such as seasonal climate changes and differences in consumption
patterns between sectors (residential, commercial, and industrial). On the other hand,
California, with its varied climate (from Mediterranean to desert), has distinct patterns
of energy use. On the hottest days, the increase in air conditioning use can outweigh the
savings from reducing lighting. The time series approach showed that the effects of DST
are difficult to isolate because of the influence of other factors, such as changes in energy
prices, improvements in energy efficiency, and variations in demand throughout the year.
Kandel and Sheridan’s analysis shows that DST in California has an uncertain and variable
impact on electricity consumption, calling into question the effectiveness of DST as an
energy-saving measure and reinforcing the need for tailored, evidence-based policies at the
local level [10].

As regards health effects, they point out that time changes disrupt biological rhythms,
leading to sleep disturbances, increased stress, and potential long-term health risks such as
heart problems, and link the change to increased rates of accidents and health emergencies,
particularly in the week following the change. In terms of economic costs, the disruption
caused by the time change can reduce productivity, lead to scheduling inefficiencies,
and increase operating costs for businesses, and, in terms of public opinion, surveys in
many countries show that a significant proportion of the population would prefer to
abolish the time change altogether, opting for either permanent summertime or permanent
standard time.

In 2018, the European Parliament voted to end mandatory biannual time changes and
allow member states to choose between permanent summer or standard time. However,
implementation has been delayed, and most European countries have continued with the
time changes [11]. The debate reflects wider concerns, with some advocating permanent
summertime to benefit tourism and outdoor activities, while others prefer standard time
to better align with natural daylight. Proponents of such a change argue that it would
help improve public health, sleep patterns, and productivity. Following the European
Parliament’s recommendations (2019), most European countries have yet to decide whether
they will stick to summer or winter time if the measure is implemented.

The introduction section shows the historical reasons for the introduction of DST
and the relevance of the issue in public policy and building management practice. The
materials and methods section presents the methodology used to conduct the research
and bibliometric analysis, establishing a detailed methodological approach using the
Biblioshiny tool version 4.3.0 and conducting a systematic literature review using the
PRISMA methodology. The steps of data collection, preparation, analysis, and visualization
of the results is described. This section also presents the results of the bibliometric analysis,
identifying research trends on DST over the years and illustrating the main themes and
contributions. Graphs and tables are presented showing the evolution of the number of
publications, influential authors, most frequent keywords, and international collaborations.
The most common themes in studies on the subject are also analyzed, such as energy saving,
circadian rhythms, and road safety.

The literature review section provides an overview of the existing knowledge on the
effects of time changes, with a special focus on energy consumption and energy efficiency
of commercial buildings. The contributions of the main studies on DST and its effects on
energy consumption, occupant comfort, public safety, and economic impacts are summa-
rized, discussed, and related. Differences in the results of the studies are highlighted, and
the complexity of measuring the effects of DST due to regional, climatic, and behavioral
factors is emphasized. The conclusions section interprets the results of the bibliometric
analysis and literature review and relates them to the objectives of the study. It then ex-
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plores the practical implications of the findings, including suggestions for public policy
and recommendations for managing buildings in a time change scenario. The limitations
of DST as an energy-efficiency policy and possible alternative approaches are highlighted.
Finally, the authors highlight the need to develop further studies focusing on regional and
cultural specificities.

2. Materials and Methods
2.1. Bibliometric Analysis Procedure

For the bibliometric analysis, the Biblioshiny tool, integrated within the Bibliometrix
package in RStudio version 2024.04.2+764, was used. Bibliometrix is a package designed for
the analysis and visualization of bibliometric data, particularly useful in literature reviews
and scientific trend analyses [12]. The Biblioshiny tool, integrated within the Bibliometrix
package in RStudio, was selected for this bibliometric analysis due to its robust capabili-
ties for visualizing and interpreting complex bibliographic data, offering a user-friendly
interface compared to alternatives like VOSviewer or CiteSpace. Its ability to generate
detailed network maps and statistical outputs aligns with our goal of identifying research
trends and thematic connections in DST studies. Similarly, the PRISMA methodology was
chosen for the systematic literature review because of its widely accepted framework for
ensuring rigor, transparency, and reproducibility, outperforming less structured approaches
like narrative reviews by providing clear inclusion/exclusion criteria and a systematic
workflow. The methodological steps followed are outlined below:

- Data Collection: The first step involved collecting bibliographic data. For this analysis,
a search was conducted in scientific databases using keywords relevant to the study
topic. The records were exported in BibTeX format, compatible with Bibliometrix.

- Data Preparation: The BibTeX files were imported into RStudio and directly loaded
into the Biblioshiny interface. This step ensured the proper formatting and structuring
of the data, allowing for the processing of bibliometric variables such as authors, titles,
abstracts, keywords, and institutional affiliations.

- Analysis Setup in Biblioshiny: In Biblioshiny, several relevant bibliometric analyses
were configured:

O Scientific Production Analysis: This involved studying the annual productivity
of articles on the topic, identifying publication trends over time.

O Authors and Institutions Analysis: Identification of the most productive au-
thors and institutions, as well as their collaborations, through co-authorship
graphs and collaborative networks.

@) Keywords and Topic Analysis: Analysis of the most frequent keywords and
main topics covered in the articles, conducted to understand the thematic focus
of the research field.

O Network Mapping: Creation of network maps, including word co-occurrence
networks, co-citation networks, and country collaboration networks, to illus-
trate the knowledge structure and connections in the studied area.

- Data Analysis and Interpretation: With the analyses configured, Biblioshiny generated
graphs and tables for each of the investigated dimensions. The graphical results
were used to visualize citation, co-authorship, and keyword patterns, enabling the
identification of research trends and gaps.

- Export and Storage of Results: Finally, the results were exported directly from the
Biblioshiny interface, in image and table formats, for further analysis and inclusion in
the article.
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2.2. Literature Review

To conduct the literature review, we based our approach on the results obtained

from the bibliometric analysis, using the PRISMA methodology (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses). The PRISMA methodology guides

systematic reviews in a rigorous manner, ensuring transparency and reproducibility in the

criteria for including and excluding studies. The steps followed to conduct this review are

outlined below:

Study Identification: After the bibliometric analysis using Biblioshiny, the main articles,

themes, and authors in the field were identified. The bibliometric analysis allowed for

visualization of publication trends, frequent keywords, and collaboration networks,

resulting in an initial list of potentially relevant articles for the review.
Creation of the PRISMA Study Flow:

O

Initial Search: The list of articles obtained from the bibliometric analysis was ex-
ported and imported into reference management software EndNote 21, where
all studies were initially and formally identified for inclusion in the review.
Removal of Duplicates: Duplicate records were removed, reducing the set of
studies to be analyzed and increasing the efficiency of the selection process.
Study Screening: Eligibility criteria were applied based on the titles and ab-
stracts of the articles, considering relevance and alignment with the study
objectives. At this stage, articles that did not meet the pre-established inclusion
criteria, such as language, scope, and publication period, were excluded.

Study Selection:

O

Full-Text Evaluation: The articles that passed screening were evaluated in full,
following defined inclusion criteria, such as methodological quality, theoretical
relevance, and alignment with the focus of the review. This selection process
adhered to PRISMA guidelines, with each article independently evaluated by
at least two reviewers to reduce bias.

Application of Exclusion Criteria: Articles that did not contain relevant data or
presented inadequate methodology for the review’s purposes were excluded.
This stage ensured the inclusion of only high-quality studies directly related to
the topic.

Data Extraction and Analysis:

O

Extraction of Key Data: Relevant information was extracted from the included
articles, such as author, year of publication, country, methodology, main find-
ings, and conclusions. The extracted data were organized in a table to allow
for a comparative view across studies.

Thematic Analysis: Based on the keywords and recurring themes identified in
the bibliometric analysis, main themes were defined to guide the discussion.
This thematic analysis facilitated the identification of patterns, significant
contributions, and knowledge gaps in the field.

Synthesis and Discussion: Finally, the results of the analysis were synthesized, empha-

sizing the main contributions, trends, and gaps identified in the literature, according
to the bibliometric results. The PRISMA methodology contributed to a structured and
rigorous presentation of the review, providing a clear view of existing approaches and

potential areas for future research.
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3. Bibliometric Analysis Results
3.1. Bibliometric Analysis of the Data

As can be seen in Table 1, the bibliometric analysis covers the period from 1968 to 2023,
including 139 documents from 109 sources, encompassing scientific journals, books, and
other types of publications. These results reflect a field of study with a moderate annual
growth rate of 2.02%, indicating a steady, though modest, increase in interest over the years.
The average age of the documents is 13.1 years, suggesting a well-established literature base
while also indicating the presence of recent publications. The average number of citations
per document is 15, demonstrating considerable impact within the scientific community.
The 3638 cited documents reinforce the depth and richness of the literature associated with
this field of study.

Table 1. Main information about data.

Description Results
Timespan 1968:2023
Sources (journals, books, etc.) 109
Documents 139
Annual growth rate % 2.02
Document average age 13.1
Average citations per doc 15
References 3638
Document contents
Keywords Plus (ID) 1066
Author’s Keywords (DE) 293
Authors
Authors 360
Authors of single-authored docs 35
Authors collaboration

Single-authored docs 38
Co-authors per doc 2.76
International co-authorships % 16.55

Document type

Article 100
Conference paper 31
Conference review
Erratum

Note

Review

Short survey

—_ R e

In terms of document content, 1066 additional keywords (Keywords Plus) were identi-
fied from the titles of referenced articles, along with 293 keywords provided directly by the
authors. This disparity highlights the breadth of topics associated with the field, reflecting
a diversity of subjects explored beyond those specifically chosen by the authors.

The author analysis reveals a total of 360 researchers involved, of whom 35 contributed
single-authored publications. The relatively low number of single-authored documents
(38 in total) reinforces the collaborative nature of this field of study. The average number
of co-authors per document is 2.76, with international collaboration present in 16.55% of
cases, indicating openness to global cooperation, though with room for expansion.
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Regarding document types, most publications consist of journal articles (100), fol-
lowed by conference papers (31), reflecting an interest in disseminating both complete
studies and preliminary results at scientific events. Other types of documents, such as
reviews, notes, and errata, are present in smaller quantities, adding diversity but remaining
less representative.

3.2. Analysis of Frequent Terms in DST Research

The analysis of term frequency highlights the main themes and subtopics addressed
in DST research, providing insights into the focus and diversity of studies in this area. The
most frequent term is “daylight saving time” (57 occurrences), which reflects the central
topic of the research. Following this, “energy conservation” (43 occurrences) indicates
that a significant portion of studies is focused on DST’s potential to reduce energy use,
emphasizing the economic and environmental aspects of time changes. Figure 1 shows the
results in a word cloud.

highway accidents electricity demands

EIBCIHC POWer UHZation ...,

energy policy |||||[e SIQLLS ruverarcs e
emmsunnﬂﬂll!hlSleen “mans “m iﬂlﬂ'"’m“‘

energy conservation
daylight sa I’Iﬁ time

contioled stady m nergy utilization
clr a“ r y mortality
light lighti
- 'em Umanarticle s

enery use efficiency
wleishess u.em “’a"lc acclden

EIECH[C[W consumption
electricity geveration

Figure 1. Word cloud.

DST research also strongly focuses on impacts on human health, as evidenced by
terms such as “circadian rhythm” (29), “human” (25), “humans” (21), and “sleep” (14).
These terms indicate a significant interest in exploring how DST affects biological rhythms,
sleep, and overall well-being. The presence of terms like “female” (14) and “male” (12)
further suggests that some studies consider gender differences in DST’s impact, broadening
the understanding of varied responses to time changes.

The term “United States” (19 occurrences), followed by “Australia” (10), suggests that
DST research is particularly concentrated in these countries. This geographical focus may
reflect the prominence of studies conducted in these regions or a specific interest in DST
policies there. The prominence of the United States and Australia may be related to the
historical context or the availability of longitudinal data that facilitate deeper analyses.

Traffic safety is a recurring theme in DST research, with terms such as “traffic accident”
(16), “accidents” (12), “traffic” (11), and “highway accidents” (7) appearing frequently.
These terms indicate that DST may be associated with accident rates, possibly due to
changes in sleep patterns and daylight exposure during peak commuting hours. The
connection between DST and traffic safety highlights the potential social impact of time
changes and underscores the relevance of informed public policy.

Several terms related to energy use, such as “electric power utilization” (13), “energy
use” (12), “energy policy” (11), “energy efficiency” (10), and “electricity-consumption”
(9), reflect an interest in investigating DST’s impact on energy demand and efficiency.
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These terms suggest that research extensively explores DST within the context of energy
management policies, evaluating its role in energy savings and optimizing resource use.

” 7

Terms such as “season” (11), “seasons” (11), “sunlight” (9), and “seasonal variation’
(6) indicate that research also considers the effects of seasonal changes and daylight expo-
sure. This focus suggests that DST is studied to optimize natural light usage and reduce
the need for artificial lighting, with potential implications for energy conservation and
environmental impact.

The presence of terms like “regression analysis” (8), “mathematical models” (7), and
“controlled study” (6) suggests that DST studies frequently employ rigorous quantitative
methods and controlled empirical approaches. These terms indicate an emphasis on
statistical analysis and mathematical modeling to evaluate DST’s effects precisely and
reliably, ensuring robust results.

The analysis of frequent terms reveals that DST research is broad and interdisciplinary,
addressing complex interconnections among energy policy, human behavior, public health,
and environmental factors. The strong focus on energy conservation, human health (par-
ticularly circadian rhythms and sleep), and traffic safety shows that DST is a topic with
significant social and economic implications. The geographical emphasis on the United
States and Australia suggests that these countries play a central role in producing knowl-
edge about DST, possibly influencing policy formulation in these regions.

These bibliometric findings underscore the relevance of energy conservation and
human health as dominant themes in DST research, both of which directly pertain to the
energy efficiency and occupant comfort in commercial buildings. The frequent occurrence
of terms like “energy efficiency” and “electricity consumption” suggests a strong research
focus on optimizing energy use, a critical concern for commercial buildings where lighting
and HVAC systems dominate consumption profiles. Similarly, the emphasis on “circadian
rhythm” and “sleep” highlights occupant well-being, which influences productivity and
thermal comfort perceptions in office settings. This thematic convergence supports our
study’s objective to assess how DST impacts commercial buildings, indicating that en-
ergy savings and occupant-related factors are intertwined challenges requiring integrated
management strategies.

3.3. Evolution of Citations over the Years

Table 2 reveals interesting patterns in the evolution of citations over time, highlighting
periods of higher impact and recent growth in interest in the field. The Mean Total Citations
per Article (MeanTCperArt) column, representing the average citations per article for each
year, suggests that certain years were particularly influential. Notably, publications from
2002, 2008, and 2011 show high average citation counts per article, with 78, 41.25, and
88.75 citations, respectively. These peaks indicate that research published in these years
was highly relevant to the field and continues to be widely referenced.

Another point of interest is the Mean Citations per Year (MeanTCperYear), which
reflects the average annual citations for articles from each publication year. High values for
2011 (6.83), 2002 (3.55), and 2016 (3.25) indicate that articles from these years continue to
be relevant and frequently cited, suggesting a sustained impact over time. The continuity
of citations for these articles indicates that they address fundamental issues or present
innovative findings, maintaining their relevance within the field of study.
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Table 2. Evolution of citations over the years.

Year MeanTCperArt N MeanTCperYear CitableYears
1968 16 1 0.29 56
1976 32.5 2 0.68 48
1977 0 1 0 47
1978 14 1 0.3 46
1979 14 1 0.31 45
1980 0 1 0 44
1981 0 1 0 43
1984 0 1 0 40
1987 0 1 0 37
1989 6.25 4 0.18 35
1990 3 2 0.09 34
1993 6 1 0.19 31
1994 0 1 0 30
1995 0 1 0 29
1996 1.5 2 0.05 28
1997 10.67 3 0.4 27
1999 4 1 0.16 25
2000 11.67 3 0.49 24
2002 78 2 3.55 22
2003 2 1 0.1 21
2004 26.5 2 1.32 20
2005 0 2 0 19
2006 8 1 0.44 18
2007 16.6 5 0.98 17
2008 41.25 4 2.58 16
2009 12.5 2 0.83 15
2010 17.5 8 1.25 14
2011 88.75 8 6.83 13
2012 11.33 6 0.94 12
2013 12 2 1.09 11
2014 10.25 4 1.02 10
2015 3 1 0.33 9
2016 26 4 3.25 8
2017 11 5 1.57 7
2018 7.33 9 1.22 6
2019 3.9 10 0.78 5
2020 9.45 11 2.36 4
2021 1.29 14 0.43 3
2022 0.14 7 0.07 2
2023 0 3 0 1

Regarding the Number of Articles (N) published annually, there is a gradual increase in
the volume of publications starting from 2018, reaching a peak in 2020 with 11 articles. This
rise suggests growing research interest in the area, possibly driven by new developments
or the need to address emerging issues. However, the average citation count for more
recent articles is lower, which is expected due to the short time since their publication and,
therefore, the limited time available for citation accumulation.

The Citable Years column shows the number of years each publication has been
available for citation. This factor is particularly important for understanding the impact
of older publications, such as those from 1968 (56 years of citation) and 1976 (48 years of
citation), which have had a long period to accumulate citations. In contrast, more recent
publications have not yet had sufficient time to reach their full citation potential, explaining
the lower average citation counts for the years from 2021 onward.
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The data suggest that 2002, 2008, and 2011 were periods of high-impact scientific
production, with publications that significantly influenced the research area. This pattern
indicates the possible presence of foundational studies or new insights that gained wide
acceptance and were frequently cited. The recent increase in the number of publications,
especially from 2018 onward, reflects growing interest and activity in the research area.
However, the low average citation count for recent years is likely due to the limited time
for citation accumulation as these publications are still in the early stages of recognition.

3.4. Geographical Distribution of Research Output

The analysis of Figure 2 reveals a notable concentration of research contributions by
country, with the United States (84 publications) being the leading contributor, significantly
ahead of other countries. This dominance suggests that research in this field is heavily
driven by institutions and scholars based in the US, likely reflecting both the country’s
research funding capacity and the prominence of its academic institutions.
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Figure 2. Geographical distribution of research output.

Germany (17 publications), Italy (14), Spain (14), and Australia (12) follow the US,
indicating a strong European presence in the field, with notable contributions also from
Australia. The Czech Republic, Switzerland, and the United Kingdom each have eight
publications, showing substantial involvement from both western and Central Europe.

A moderate number of contributions come from Mexico (7), France (6), and Canada
(5), indicating some research activity in North America beyond the US and in key European
and Latin American countries. Other countries such as China, Israel, the Netherlands,
Sweden, and Turkey each have four publications, reflecting a more globally dispersed
interest but still at lower levels of engagement compared to the top contributing nations.

Countries with smaller frequencies, including Brazil, Austria, India, Bangladesh, and
others, indicate occasional contributions, which may be driven by specific research groups
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or individuals rather than a sustained national effort. Countries with a single publication,
like Belgium, Japan, and Singapore, reflect minimal but present engagement in the field.

This geographical distribution highlights that the research field is predominantly
concentrated in a few leading countries, primarily in North America, Europe, and Australia,
with less frequent contributions from Latin America, Asia, and the Middle East. The data
also reveal limited participation from African nations, which could suggest a potential area
for increased research activity and collaboration in the future.

3.5. Relationships Among Sourcess, Authors, and Keywords

Figure 3 presents a visualization of bibliometric connections through a Sankey dia-
gram, illustrating the relationships among sources (SO), authors (AU) and keywords (DE)
associated with the studies analyzed. This structure provides a clear view of the influence
flows among key studies, authors, and sources in the field of daylight saving time (DST)
and its impacts.
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Figure 3. Relationships among sources, authors, and keywords.

On the left side, we find the original sources, indicating studies that play a fundamental
role in the research field. These sources cover topics such as energy policies, energy jounals,
proceedings of the american power conferences, accident analysis and prevention and other
conference proceedings.

In the central column, authors serve as a crucial link between sources and keywords.
The connection between authors and sources suggests a collaborative and interdisciplinary
research network, where authors share and build upon each other’s work to deepen the
understanding of DST’s impacts. Furthermore, the number of connections certain authors
have with specific sources and keywords indicates that they play a central role in specific
topics, significantly contributing to the advancement of areas such as energy savings,
circadian rhythms, and safety.
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The right column includes keywords, reflecting the main themes addressed in the
literature. Topics such as “daylight saving time”, “energy savings”, “electricity consump-
tion”, and “circadian rhythms” appear frequently, showing that the field focuses heavily on
understanding the effects of DST across different domains. The dense connection between
certain keywords and specific authors indicates a consolidated thematic structure, where
several investigations explore similar issues. This pattern suggests that the field of study,
while diverse, has well-established and recognized core themes.

The lines between columns represent connections among, sources, authors and key-
words, revealing influence flows within the field. These connections indicate how specific
authors and topics are interconnected. For instance, the strong presence of lines between
classic references on DST’s impact on health and energy and authors specializing in these
areas suggests that these topics are fundamental to current research. The complexity of the
network also highlights the interdisciplinary nature of the field, integrating approaches
from areas such as economics, environmental science, public health, and human behavior.

This visual analysis demonstrates that the DST research field is built around a solid
foundation of widely studies and well-defined core themes. The strong connections ob-
served among related keywords, such as “daylight saving time” and “energy savings”,
show thematic cohesion, suggesting that, while the field encompasses various subtopics,
there is significant convergence around main themes. The presence of topics like public
health and electricity consumption also underscores the social and economic relevance of
the research, indicating that DST effects are complex and multifaceted, with implications
beyond mere energy savings.

The analysis of collaborations and sources indicates that the field is internationally
relevant, although there remains a predominance of specific countries, as previously shown
in the geographical analysis.

3.6. Co-Occurrence Analysis of Keywords

Figure 4 presents a network of keyword co-occurrences, highlighting the main themes
and subthemes of research on daylight saving time (DST). The keywords are organized into
clusters, differentiated by colors, indicating associated thematic areas and their interconnec-
tions. The visual structure shows the frequency and proximity of keywords, suggesting which
topics are frequently explored together and which have a stronger thematic relationship.

On the right side of the figure, a red cluster focuses on keywords related to energy
conservation and energy policy. This group includes terms like “electric power utilization”,
“energy efficiency”, “electricity consumption”, and “energy policy”, all closely connected to
“daylight saving time”. The presence of terms such as “demand analysis” and “electricity
supply” within this cluster suggests that a significant portion of research focuses on the
effects of DST on electricity consumption and energy efficiency, with implications for energy
management and policy formulation. This focus on energy conservation reflects concerns
about the rational use of energy resources and DST’s potential role as a strategy to reduce
electricity demand.

On the left side of the figure, the blue cluster groups keywords centered on DST’s

7

impacts on human health and circadian rhythms. Terms like “circadian rhythm”, “traffic

ZTi

accident”, “sleep”, and “wakefulness” highlight the research interest in understanding
how time changes affect human well-being. Keywords such as “human”, “accidents”, and
“sleep” point to studies exploring the effects of DST on biological rhythms, sleep quality,
and road safety. The presence of terms like “walking /highway accidents” suggests that
DST may be linked to an increase in accidents, possibly due to changes in sleep cycles and

adaptation to the new time.
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Figure 4. Co-occurrence analysis of keywords.

The keyword “daylight saving time” occupies a central position in the network,
serving as the intersection between the red and blue clusters. This central position indicates
that DST is the common theme connecting discussions on energy conservation and human
health. The centrality of “daylight saving time” reflects its role as a unifying concept that
links economic and energy effects to physiological and social impacts.

The connections between clusters suggest an interdisciplinary approach to investi-
gating DST impacts, involving both exact sciences and health sciences. The proximity of
energy- and health-related themes in the network suggests that studies often address DST
in a holistic manner, considering both its potential benefits for energy conservation and its
consequences for human well-being.

4. Results and Discussion
4.1. DST Brief Historic Analysis

The concept of daylight saving time (DST) originated in the idea of changing clocks to
make the most of natural daylight at certain times of the year. Ancient societies, such as
the Romans, employed water clocks that changed time according to the seasons and had
separate time scales for day and night. Benjamin Franklin (1784), in a satirical essay, sug-
gested that getting up earlier in the summer could save on lighting candles. This idea was
more about changing personal behavior than formally changing clocks [13]. New Zealand
entomologist George Vernon Hudson (1895) suggested a two-hour time change to provide
him more daylight for his nighttime research, and British builder William Willett pushed
for DST in 1907 so that people may enjoy more daylight for outdoor activities [14,15].

During the First World War (1916), Germany and Austria-Hungary were the first
countries to introduce summertime, on 30 April 1916, to save coal during the war. Other
countries such as the United Kingdom, France, and the United States followed shortly
afterwards. During the inter-war period, DST was repeatedly abolished and reintroduced in
different countries because of conflicting public opinion. The economic benefits were often
outweighed by confusion and opposition from farmers and rural communities. During
the Second World War (1939-1945), DST was reintroduced as an energy-saving strategy.
“Wartime” was introduced by the USA, which meant that clocks ran on DST all year round.
After the war, the United States gave states and localities the freedom to decide whether to
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observe daylight saving time, which caused scheduling chaos. States could choose not to
use DST, but the Uniform Time Act of 1966 standardized the start and end dates nationwide.
Later, interest in DST as an energy-saving strategy was revived by the 1973 oil embargo.
Similar measures were taken around the world after the United States extended DST in
1974-1975. The European Union standardized DST among its member states in 1996, while
the Energy Policy Act of 2005 allowed the United States to extend DST by a few weeks in
2007. The EU agreed in the 2019 European Union Decision to end seasonal clock changes
by 2021, allowing each nation to set its own permanent time. However, implementation
has been delayed.

The shift from DST to standard time occurs in each country according to individually
defined rules. Nevertheless, some countries have never adopted DST due to the minimal
variation in daylight hours throughout the year, particularly those near the equator, notably
the following: Saudi Arabia, which is close to the equator and has relatively consistent
sunrise and sunset times throughout the year; Venezuela, with its tropical location, sees
little benefit from adjusting clocks; and Afghanistan, given its focus on agriculture and
traditional timekeeping [16]. On the other hand, several countries used to observe daylight
saving time but have abandoned the practice for reasons related to public inconvenience,
questionable energy savings, or alignment with neighboring countries. Some examples
include Russia, which abandoned DST in 2011 and moved to permanent “summertime”
before moving to permanent “standard time”. The decision was influenced by concerns
about health effects and confusion caused by frequent clock changes; Brazil, which stopped
DST in 2019, citing that modern energy consumption patterns (e.g., the widespread use of
air conditioning) made DST ineffective in saving energy; and Peru, which abandoned DST
due to limited energy savings and lack of public support. In fact, of the 195 recognized
countries, only 82 still observe DST changes, mainly in North America, Europe, and
parts of the Middle East and Oceania [17]. As referred to, in the European Union, it
was agreed that time changes would occur simultaneously, even in different time zones.
However, in other parts of the world, this shift does not happen at the same time. For
example, Chile adjusts its clocks a week before Paraguay, despite their geographic proximity.
Due to the Sun’s movement between the northern and southern tropics, the seasons also
change depending on a location’s position on the globe. In December, the Sun is closer to
the Earth in the Southern Hemisphere than in the Northern Hemisphere. Thus, during
the winter months in the Northern Hemisphere, it is summer in countries south of the
equator. Consequently, people in the Southern Hemisphere switch to DST, while those in
the Northern Hemisphere move to standard time. Figure 5 illustrates global time zones,
showing longitudinal variations and how different countries adopt daylight saving time
in a non-uniform manner. Regarding longitude, we can observe that different time zones
exist along the same longitude. Within a single country, there may be areas observing DST
and others in a different time zone.
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Figure 5. Map of time zones.

4.2. DST Without the Energy Component

Several studies suggest that time change can affect people’s health and well-being [18].
The abrupt change in circadian rhythms can lead to sleep disturbances, fatigue, irritability,
and even more serious health problems such as heart attacks and strokes [19]. Other studies
show an increase in sexually transmitted diseases and road accidents [20]. On the other
hand, proponents of summertime time argue that the increased amount of sunlight can
improve people’s mood and physical activity [21]. It is also known that some people enjoy
the longer days of summertime, while others report discomfort from the disruption to their
daily rhythms [22].

Regarding the economic impact of the time change, some studies suggest savings in
sectors such as retail and tourism due to the longer hours of daylight at night, while others
point to costs associated with adapting technology systems and reduced productivity after
the change [23]. Productivity is also controversial, with some studies suggesting a short
adjustment period that may lead to a temporary drop in productivity, while others find no
significant correlations [24].

Sleep deprivation among workers is one of the main justifications proposed in the
literature to explain productivity losses around summertime changes. For example, Gibson
and Shrader’s (2018) [24] study examines the impact of natural light, as determined by
sunset times, on human behavior and outcomes such as sleep and income. By analyzing
variations in sunset times across time zones, they show how natural light affects people’s
daily routines and economic productivity. The study shows that disrupted sleep patterns
due to variations in sunset times can have wider economic implications. These findings
suggest that policies or practices that align work schedules with natural light patterns could
improve sleep health and economic outcomes. It also highlights the indirect costs of sleep
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deprivation caused by environmental factors such as sunset timing, which is relevant to
discussions of DST policies [11]. Similarly, a study by Giuntella and Mazzonna (2019) [25]
examines the relationship between natural light exposure, circadian rhythms, and socio-
economic outcomes, with a particular focus on health and per capita income. Their findings
highlight the important role that natural light, which regulates our internal biological clock,
plays in influencing health and economic productivity, illustrating the interrelated effects of
natural light on individual and societal well-being [12]. Likewise, the study by Costa-Font
et al. (2024) [26] examines the relationship between sleep patterns and economic outcomes,
particularly employment and income, and provides further evidence of the significant
role of sleep in labor market productivity and financial well-being, emphasizing that sleep
is not just a health issue but a cornerstone of economic productivity and stability. It is
consistent with growing evidence that policies to promote better sleep hygiene could lead to
improved socio-economic outcomes [26]. In a similar vein, the study by Barnes and Wagner
(2009) [27] provides critical insights into the effects of DST on sleep and activity at work,
with a particular focus on US coal miners. Their research highlights how the transition
to summertime disrupts sleep patterns and contributes to changes in work performance,
illustrating how DST transitions can have unintended consequences in industries where
sleep and physical performance are closely linked. They make a compelling case for
reconsidering the role of DST, particularly for labor-intensive sectors [27].

Dickson and Waddell (2024) [28] investigated the impact of DST on productivity in
global technology centers by examining variations in its implementation. Their findings
suggest that the net productivity effect of DST in technology centers depends on the inter-
play between improved work-life dynamics and coordination challenges in a globalized
industry. The study highlights the importance of considering industry-specific factors
when assessing the broader economic impact of DST by analyzing GitHub activity in cities
that observe DST; their findings highlight notable productivity patterns around the DST
transition [28]. The authors refer that there was a marked decrease in GitHub activity on
the Sunday of the DST transition and the following Monday. While daily activity generally
returned to baseline levels after these two days, the Sunday effect persisted in the form of
reduced activity on subsequent Sundays in treated cities. An hourly analysis revealed that
the transition caused extended disruptions to morning productivity. These declines were
observable for over two weeks after the start of DST, suggesting a prolonged adjustment
period for individuals adapting to the time shift. These findings challenge the notion that
DST’s impact on productivity is short-lived. While overall daily activity may normalize
quickly, specific patterns, such as diminished Sunday output and persistent morning dis-
ruptions, indicate a more complex and enduring cost to productivity associated with DST
transitions. Similarly, Kountouris and Remoundou (2014) [29] explored the impact of the
DST transition on individual well-being, focusing on data from Germany. Their analysis
found that the DST transition was associated with a measurable decrease in overall life
satisfaction; participants reported a decrease in positive mood following the DST transition,
highlighting the psychological distress caused by the change in schedule, and the negative
effects were more pronounced among those in full-time employment, likely due to the rigid
structure of work schedules that makes it more difficult to adapt to the time shift. These
findings underline the wider societal costs of daylight saving time transitions, suggesting
that the disruption of natural circadian rhythms has tangible consequences for both mental
health and workplace productivity, particularly for those with fixed daily routines [29].

Other studies report that, despite the energy concerns, the effects of introducing DST
can affect various aspects of society, which are often difficult to quantify and may vary by
region and population. In terms of road safety, longer daylight hours during the evening
commute may improve visibility and reduce accidents. In this regard, Ferguson et al.
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(1995) found that shifting clock times so that peak traffic periods occur during daylight
hours can lead to a reduction in overall road accidents [30]. By aligning peak traffic
periods with natural light, visibility is improved and, therefore, safety. On the other hand,
the study reports that the sudden change in clock time disrupts sleep patterns and that
this sleep disruption may temporarily increase the risk of accidents immediately after the
change. This means that while DST may offer long-term safety benefits by reducing evening
accidents, the short-term effects around the time of the change could lead to an increase in
accidents. Similarly, a study by Doleac and Sanders (2015) found that extending daylight
hours into the evening significantly reduced robbery rates [31]. This finding highlights one
of the potential social benefits of DST beyond its original energy-saving purpose, although
its magnitude and persistence may vary by region and local context.

In terms of economic activity, Kamstra et al. (2000) showed that the clock change can
disrupt the financial system [32], and Miiller et al. (2009) highlighted the sensitivity of
the results to the methods and data used, emphasizing that DST can extend usable leisure
time in the evening by providing additional natural light, which in turn can encourage
outdoor activities, improve physical health, and promote social interactions that vary by
demographic group and region [33].

In contrast, studies by Lahti et al. (2010) and Toro et al. (2015) show that the abrupt
clock change can lead to significant sleep deprivation and physiological stress, which in
turn reduces productivity and overall well-being due to the misalignment between the
biological clock and social time [34,35]. Both studies highlight the trade-offs involved in
DST policies, where gains in evening light for leisure or safety may be offset by adverse
health effects in the days immediately following the time change.

Likewise, research by Shapiro et al. (1990), Olders (2003), and Kuehnle and Wunder
(2016) [36-38] suggests that the abrupt changes in daylight exposure and sleep cycles asso-
ciated with DST transitions may exacerbate conditions such as seasonal affective disorder
(SAD) and overall mood. In short, while DST may offer benefits in terms of extended
evening light, its impact on psychological well-being needs to be considered [36-38].

Therefore, while DST is often discussed in terms of electricity savings, its long-term ef-
fects on road safety, crime rates, economic activity, leisure, and health are equally important
and deserve careful consideration of their societal impact.

4.3. Potential Energy Savings with DST
4.3.1. The Overall Impact of DST on Energy Efficiency

Prerau David S. (1977) [39] pointed out that summertime was introduced mainly to
save energy during the Second World War by making use of natural light, suggesting that
the extra hour of daylight in the late afternoon reduces the need for artificial lighting and,
therefore, saves electricity. However, these savings may be partially or fully cancelled out
by increased lighting in the early morning when the sun rises earlier. In other terms, the
net energy benefit of summertime tends to be greater when the sun rises earlier and less
when it rises later. According to Prerau, the overall effect of DST is to save about 1% of
electricity in spring and autumn by reducing evening lighting demand, but the net effect is
highly sensitive to the local timing of sunrise and sunset [39].

Continuing with the study of the impact of DST on energy efficiency, Rock (1997) [40],
examined the impact of DST on energy use and costs in residential buildings by using the
DOE-2.1 E simulation code to evaluate the effects of implementing DST on HVAC systems
and lighting energy use. A case study of a typical U.S. residential building in Lawrence,
Kansas, served as the baseline model, and simulations were conducted for 224 different
locations across the U.S. Data for the simulations were derived from the home’s operating
hours and electricity and natural gas bills.
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The results show that using DST during winter standard time slightly increased total
annual energy costs by an average of 0.147% compared to maintaining year-round standard
time and that switching from year-round standard time to DST did not result in significant
changes in energy use or costs for the homes studied. However, replacing winter standard
time with summertime led to a slight reduction in average energy consumption and costs.
Taking this into account, the study suggests that the impact of summertime on energy
efficiency may not be significant for typical residential buildings [40].

On this basis, Myriam B.C. Aries et al. (2008) [41] conducted one of the first com-
prehensive literature reviews, entitled Effect of Daylight Saving Time, which highlighted
the limitations and inconsistencies of existing research on the impact of DST on energy
consumption. Their study highlighted several challenges and complexities that make
understanding the effects of DST particularly difficult, mainly by highlighting knowledge
gaps in existing studies, which were often limited, incomplete, or contradictory, making it
difficult to draw definitive conclusions about the energy-saving effects of DST. The inconsis-
tencies are attributed to the age of the studies, which may not have considered technological
advances and changes in energy consumption patterns. On the other hand, there were
significant differences in the criteria and definitions of the studies reviewed, which led to
differences in methodology and results. In short, the authors highlight the need for more
rigorous and updated research to understand the true impact of summertime on energy
consumption. Future studies should adopt standardized methodologies and consider a
wide range of factors, including regional contexts, technological advances, and evolving
human behavior. Without these improvements, conclusions about the effectiveness of DST
in saving energy will remain uncertain and controversial [41].

More recently, Havranek et al. (2018) [42] conducted a comprehensive meta-analysis
to explore the energy savings associated with DST. Their study synthesized the results of
162 estimates from 44 studies, providing a nuanced understanding of the impact of DST on
electricity consumption. The analysis found an average electricity saving of 0.34% due to
DST, but this estimate was overstated due to the quality of the data used, the methodologies
applied in the studies, and publication biases, such as the tendency to report positive results.
The authors find that when studies with rigorous methodologies (e.g., high-frequency data
and difference-in-differences approach) and publications in prestigious journals were given
more weight, the average energy-saving effect approached zero. The study finds that the
effectiveness of DST in saving electricity varies significantly between countries; this is
due to factors related to latitude and proximity to the equator (countries further from the
equator achieve greater energy savings) and to the duration of DST as countries with longer
DST periods tend to achieve greater savings because the cumulative effect of the shift in
daylight hours is more pronounced. In short, the Havranek et al. (2018) [42] study provides
robust evidence that the overall energy savings from DST are minimal, if not negligible,
when rigorous methodologies are applied. While DST may deliver modest savings to
certain regions (e.g., higher latitudes), its benefits are increasingly questionable, especially
in light of global advances in energy efficiency and changing consumption patterns [42].

4.3.2. Regional Studies on the Impact of DST on Energy Demand

In the UK, Littlefair’s (1990) [43] study examined the relationship between clock
settings and daylight hours and proposed and evaluated the effects of three clock setting
options: Daylight Saving Time (DST), which applies from March to October and represents
the standard seasonal adjustment of clocks; Summer Time, which applies from March
to September and is similar to DST but ends one month earlier; and Seasonal Daylight
Saving Time (SDST), which corresponds to DST with an additional hour of adjustment
(double DST) from March to September. Littlefair recommended SDST over the other



Energies 2025, 18, 2088

20 of 28

options because it provides a closer match between daylight availability and working
hours, optimizing the use of natural light. Switching from standard DST to SDST could
reduce total household lighting consumption by just over 5%. Littlefair’s research laid
the groundwork for subsequent analyses of daylight saving policies, demonstrating that
adjustments such as SDST can have a significant impact on energy consumption [43].

Also in the UK, Hill et al. (2010) [44] provided an insightful analysis of the potential
energy and environmental benefits of year-round DST, concluding that maintaining DST in
winter could save at least 0.3% of daily energy demand. The study estimated a reduction in
energy costs of around 0.6% over the months analyzed, contributing to economic benefits
for both consumers and energy suppliers. Similarly, maintaining time could save around
450,000 tones of CO, emissions, contributing to the UK’s environmental targets. The authors
stress that moving the clocks forward one hour in winter not only aligns energy use with
daylight hours but also has positive implications for sustainability and cost-effectiveness.
The findings are consistent with previous research and strengthen the case for year-round
DST as an effective energy management and environmental protection measure. The study
by Hill et al. highlights the tangible benefits of year-round DST in the UK, including
energy savings, reduced costs, and lower carbon emissions. This evidence supports the
consideration of DST adjustments as part of wider energy efficiency and environmental
strategies [44]. The findings of Hill et al. (2010) [44] on the benefits of maintaining DST
throughout the year are consistent with previous research in the literature.

Kudela et al. (2020) [45] provides a detailed analysis of the impact of DST on electricity
consumption in Slovakia. Using hourly electricity load data from 2010 to 2017 and consid-
ering factors such as weather conditions, macroeconomic variables, the annual cycle, and
seasonal variations in the data analysis, the study shows that the introduction of DST leads
to an estimated reduction in annual electricity consumption of around 1%. However, using
results extrapolated from a previous cross-country meta-analysis, the savings for Slovakia
are estimated to be lower, not exceeding 0.5%. The introduction of DST appears to smooth
the electricity demand curve, potentially reducing peak loads and improving grid stability.
The results reinforce the need for country-specific analyses of DST as its effectiveness varies
according to geographical, economic, and cultural factors and underlines the importance of
balancing energy savings with other social and economic considerations [45].

Marija Gruji¢ et al. (2018) [46] studied how DST affects energy use in office buildings
in a mid-latitude European climate for the city of Belgrade, Serbia. They concluded that
in Belgrade’s moderate continental climate, where the warm season lasts for six months
and cooling is only required for three months, the annual energy use in office buildings is
largely dominated by heating. However, during the DST period (April-October), the energy
demand shifts: instead of being dominated by heating, office buildings face increased
consumption for lighting and air conditioning. By moving the clock forward, DST alters
key local climatic parameters such as temperature, daylight availability, and solar radiation,
thereby changing the potential for using natural light and reducing artificial lighting loads.
However, because DST was originally designed to target lighting savings, its benefits
become less pronounced when modern energy consumption patterns, such as heavy
cooling use, prevail. In short, while DST can help save energy in buildings where lighting
is the main concern, its effectiveness in a context like Belgrade depends on the fine tuning
between reduced lighting needs and increased cooling needs [46].

Lopez (2020) [47] studied the impact of DST policies on energy consumption in inland
Spain, considering the widespread adoption of LED lighting, which reduces the overall
share of lighting in energy consumption. According to the authors, LED lighting has
reduced the energy-saving impact of DST on total consumption, although daylight hours
still have a significant impact on grid load, up to 5% near sunrise and 15% near sunset. For
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the analysis, the authors simulated three scenarios: year-round wintertime (UTC+1), year-
round summertime (UTC+2), and current DST with a 1-hour backward adjustment (GMT).
The study highlights the importance of context-specific, data-driven analysis in the design
of DST policies. For inland Spain, year-round summertime (UTC+2) appears to deliver
the best energy savings and load-smoothing results. At the same time, other scenarios
(especially GMT) may lead to higher consumption and peak demand challenges [47].

In the US, Sven Eggimann et al. (2023) [48] noted that although DST was originally
introduced to reduce the need for artificial lighting, its impact on building heating and
cooling loads is dramatic. A series of office buildings in 15 US cities were subjected to
energy simulations under current climate conditions, which showed that DST can result
in cooling energy savings of up to 5.9% during peak cooling periods while at the same
time increasing heating demand by about 4.4% during the same period. According to
the authors, while DST still reduces lighting demand, its net impact on total energy use
depends on the balance between reduced cooling loads and increased heating loads. These
findings highlight that the energy-saving benefits of DST are now closely linked to how
buildings manage thermal comfort, suggesting that policy decisions should consider not
only lighting but also the changing dynamics of heating and cooling energy demand [48].

Verdejo et al. (2016) [2] analyzed the impact of DST on residential electricity consump-
tion in Chile, providing evidence of significant energy savings attributable to the policy.
The study found that the application of DST led to an average reduction in residential
electricity consumption of 3.18%. During the morning peak hours (5-10 a.m.), consumption
fell by 4.4%, and, during the evening peak hours (5-11 p.m.), the reduction was even greater
at 7.76%. Over the year, the average annualized reduction in electricity consumption due to
DST was 2.02%. The study highlights the regional differences in the effectiveness of DST in
different cities in Chile. Santiago shows the highest effectiveness, probably due to its energy
consumption patterns and daylight availability, as well as Arica, which shows significant
benefits, although slightly less than Santiago, and Punta Arenas, which also benefits from
DST despite its southern location and unique daylight conditions. In Concepcién, on
the other hand, DST is very ineffective, possibly due to its latitude, energy consumption
habits, or less adaptation to daylight changes. The findings support the implementation of
DST as an effective energy saving measure for residential customers, particularly during
peak demand periods, and the authors state that these results can guide policy makers in
optimizing the DST schedule based on energy consumption patterns [2].

Daniel Flores et al. (2019) [5] examined Mexican residential electricity consumption
data from 1982 to 2016, covering a long period before and after the implementation of DST
in Mexico in 1996. Their analysis estimated that the introduction of DST resulted in savings
equivalent to about 0.5% of total residential electricity consumption. Importantly, the study
also finds that the effect of DST is not uniform over time, with savings varying from month
to month and possibly even from year to year. This variability indicates that estimates
derived from simply extending DST may not fully capture the dynamic or seasonal aspects
of how DST affects electricity consumption [5].

Valny Giacomelli-Sobrinho et al. (2022) [49] developed a historical overview of DST in
Brazil during different periods: 1931-1933, 1949-1953, 1963-1968, and 1985-2019. Initially,
DST was implemented throughout the country, but, from 1988 onwards, it was limited
to the southern regions, where the seasonal differences in daylight were greater and DST
was, therefore, potentially more beneficial. Initial projections suggested that DST would
reduce electricity consumption by around 4% per year, mainly through reduced lighting
demand, but the estimated energy savings did not materialize. According to the authors,
this shortfall occurred because the DST policy was designed with a focus on lighting and
residential use, whereas, in practice, modern electricity consumption in Brazil is driven
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more by air conditioning and industrial processes. The gap between the policy goal and
the country’s evolving energy use patterns ultimately made DST a less effective tool for
reducing overall electricity consumption [49].

Fong et al. (2007) [50] investigated the energy-saving potential of DST and Double
Daylight Saving Time (DDST) in Japan, focusing specifically on domestic lighting. Despite
the absence of DST in Japan, their research provided insights into how adjusting schedules
could affect energy consumption. The authors found that both DST and DDST can reduce
domestic lighting energy consumption and that the most effective time to implement DST
or DDST in Japan is from April to September, coinciding with longer daylight hours and
higher domestic lighting demand. Northern Japan benefits more from DDST in terms
of reduced energy consumption for home lighting than southern regions. The results
underline the importance of designing energy-saving strategies according to geographical
and seasonal conditions [50].

Momani et al. (2009) [51] conducted a comprehensive study to assess the impact of
DST on electricity consumption in Jordan, using two different analyses. First, a survey
of the residential and commercial sectors was conducted to assess the impact of DST on
lighting systems. Second, the study analyzed daily load curves to examine total electricity
production before and after the implementation of DST in 2000 and 2007. While acknowl-
edging higher energy production requirements due to heating and cooling during DST
transitions, the study recommends small reductions in morning electricity consumption.
Based on this, the authors suggest that implementing DST within a focused seasonal
window (April-August) could optimize energy savings, underscoring the importance of
contextual factors such as climate and sector-specific energy use in assessing the overall
effectiveness of DST [51].

Karasu (2010) [52] evaluated the impact of DST adjustments on electricity consumption
for building lighting in Turkey. Among five scenarios evaluated, the most effective is a
30-minute shift forward to daylight saving time, implemented between April and October.
This scenario leads to a maximum saving of at least 0.7% in electricity consumption for
lighting [47]. This study complements findings such as those by Mirza and Bergland (2011),
which also demonstrate that DST adjustments can yield energy savings [3]. While Karasu
focuses specifically on lighting in Turkey, the consistency of results across different regions
underscores the broader applicability of DST as an energy conservation measure [52]. In
this regard, it is important to emphasize that Turkey’s adoption of permanent DST in
2016 reflects a significant shift from its historical practice of periodically aligning with the
European Union’s DST framework. Indeed, Turkey’s periodic adoption of DST between
1916 and 2016 often mirrored European Union practices, with frequent interruptions
reflecting shifts in political priorities. In 2016, Turkey adopted the Turkish time zone
(UTC+03:00), essentially maintaining DST throughout the year. This eliminated twice-
yearly clock changes and brought Turkey’s time in line with regions such as Moscow and
parts of the Middle East.

In Kuwait, the study by Krarti and Hajiah (2011) [53] shows a nuanced impact of DST
on electricity consumption and peak demand, with positive effects in both the commercial
and government sectors, likely due to better alignment of working hours with daylight, and
negative effects in households and apartment buildings, with a slight increase in energy
consumption and peak demand under DST. The authors note that energy consumption
across all sectors will increase marginally by 0.07% and peak electricity demand will de-
crease marginally by 0.14%, equivalent to a reduction of 12 MW based on Kuwait’s 2005
peak demand. The construction sector, which accounts for 90% of Kuwait’s electricity con-
sumption, plays a significant role in the analysis, suggesting that sector-specific dynamics
are central to understanding the overall impact of DST. In short, while the net impact of
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DST on energy consumption and demand in Kuwait is minimal, the varied sectoral impacts
suggest that policy decisions regarding DST should consider sector-specific behaviors and
priorities [53].

Comparison with other studies demonstrates the robustness of these conclusions
with the literature review, notably with Belzer et al. (2008), who found similar energy
savings from DST implementation and emphasized its role in aligning energy-use patterns
with daylight availability to improve efficiency [54], with Kandel and Metz (2001), who
highlighted modest but measurable energy savings associated with DST, particularly
in regions with pronounced seasonal variations in daylight [55]. Similarly, Niembro and
Acosta (1999) reported energy and cost savings associated with DST, confirming the positive
impact of shifting daylight hours on energy demand profiles [56], and Hillman and Parker
(1988) suggested in early studies that extending DST could lead to both economic and
environmental benefits, including reductions in electricity use and carbon emissions [57].
These studies underline that maintaining DST during the winter months offers consistent
benefits in terms of energy management, cost efficiency, and environmental outcomes.

Dilip R. Ahuja and D.P. SenGupta (2012) [4] provide a comprehensive discussion of
DST and its implications, with insights into its relevance to India. In 1906, Indian Standard
Time (IST) was introduced at GMT+5:30, and, in 1942-1945, it was changed to War Time
(YRDST), one hour ahead of IST, to conserve energy during World War II. After 1947, IST
has remained the official time throughout India, with no use of DST since independence.
Based on this, the authors propose that IST be advanced by 30 min (to UTC+6), arguing
that this would better match India’s daylight patterns and potentially result in energy
savings. Advancing IST can reduce electricity consumption, especially in the northern and
eastern states where daylight is less optimal. Similarly, aligning with daylight hours can
improve productivity and the quality of life by optimizing the use of natural light. The
study highlights the importance of tailoring time policies to a country’s geographical and
social conditions [4].

Sinan Kiifeoglu et al. (2021) [58] focused on the permanent adoption of DST in Turkey
since 2016 to assess whether the removal of the biannual clock change has an impact on
electricity consumption patterns. By analyzing historical data from 2012 to 2020, this change
in DST policy did not lead to a measurable reduction in overall electricity consumption,
nor did it produce a consistent, observable daily load shift. Therefore, despite expectations
that aligning human activities more closely with daylight hours could save energy, the
study conducted in Turkey does not support a significant energy-saving outcome from this
policy change. Furthermore, the authors suggest that these findings may be relevant to
other countries located between approximately 42° North and 42° South, where similar
daylight patterns occur. In short, the energy-saving benefits of permanent DST are not clear
in the Turkish context [58].

The study by Choi et al. (2017) [59] provides an in-depth analysis of how DST affects
electricity demand in western Australia, using the unique context of a period when DST
was implemented and later abolished. Like Karasu (2010) [52] and Mirza and Bergland
(2011) [3], this study highlights that the energy-saving benefits of DST are not uniform
and depend on the time of day. Unlike studies in regions with colder climates, where
DST often reduces morning heating demand, western Australia’s warmer climate may
exacerbate morning and late evening cooling demand, increasing electricity consumption.
The findings of Choi et al. (2017) [59] illustrate the nuanced effects of DST on electricity
demand, highlighting the importance of context-specific analysis. While DST can reduce
energy consumption during peak evening hours, its overall effectiveness is diminished by
increased demand at other times. This study underlines the need for tailored DST policies
that consider regional energy patterns and priorities [59].
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The impact of DST on energy consumption also varies across commercial building
types, reflecting their distinct operational profiles. For office buildings, studies like Gruji¢
et al. (2018) [46] indicate that DST can reduce lighting demand during extended evening
hours, though increased cooling needs in warmer climates may offset these gains. In
contrast, hospitals, which operate 24 /7, experience less pronounced lighting savings due
to continuous occupancy, as noted by Eggimann et al. (2023) [48], but face heightened
HVAC adjustments to maintain stable indoor conditions amidst shifting daylight schedules.
Schools, with daytime-centric operations, benefit more consistently from DST’s alignment
with natural light, reducing both lighting and heating costs during operational hours.
These differences highlight the need for building-specific energy management strategies
to maximize DST’s potential benefits, a consideration that warrants further empirical
investigation.

4.3.3. DST Impact on Energy Demand and Energy Consumption Profile

Grigor’ev V.S. et al. (1984) [60] studied household energy meter readings from
192 apartments in Moscow, Russia, collected between March 1979 and January 1983, to as-
sess how the rational use of daylight under a revised DST schedule affected energy savings
and per capita electricity consumption. They found that when the DST period was shifted
to cover the period from April to September, measurable energy savings were achieved
in these households. This change in the DST schedule appears to have resulted in lower
electricity consumption, highlighting how adjustments to clock time can influence daily
energy consumption patterns in residential settings. The study suggests that the specific
timing of DST implementation, in terms of the months it covers, can have a significant
impact on the level of energy savings achieved [60].

Cahit Guven et al. (2021) [61] found that the impact of DST on electricity consumption
is not uniform but depends strongly on the ambient weather and the level of air condi-
tioning use for cooling. An early start to DST tends to increase electricity consumption
on days with higher temperatures and greater reliance on air conditioning. The study
suggests that when weather conditions increase the need for cooling, the extra hour of
daylight by shifting activities earlier may not reduce consumption as expected. On the
contrary, it may lead to increased use of cooling equipment, increasing overall electricity
demand. The research underlines the importance of considering local weather patterns
and cooling needs when assessing the energy implications of DST policies and highlights
that the energy-saving rationale for DST may be context-dependent and may even backfire
under conditions of high temperatures and increased cooling demand [61].

The impact of DST on energy savings varies widely across Europe due to differences
in climate and daily activity patterns. In northern and Central Europe, simulations and
empirical studies often show that a time shift can reduce electricity demand during peak
evening hours by reducing artificial lighting, but in countries with higher summer temper-
atures, the same time shift can increase electricity consumption by increasing the use of air
conditioning, leading to higher energy costs and the additional expense of installing more
powerful cooling systems. The impact of summertime on energy consumption is, therefore,
highly dependent on local weather conditions and the balance between lighting savings
and cooling costs. Given these complexities, the recent EU decision to abolish mandatory
clock changes and leave the decision to individual member states reflects the need for
each country to weigh its own climatic and economic circumstances when deciding on a
permanent time-setting [42,44,62].

According to Cagatay Bircan and Elisa Wirsching (2023) [63], when Turkey switched to
permanent daylight saving time in October 2016, the daily load profile changed significantly,
with electricity consumption increasing in the early morning and decreasing in the late
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afternoon. This redistribution of demand meant that during peak hours, generation shifted
away from the most polluting fossil fuel plants towards cleaner renewable sources, with
hydropower playing a key role. As a result, although total energy consumption did not fall,
the change in load timing led to lower emissions from electricity generation [63].

5. Conclusions

Based on the literature review, the impact of DST on energy consumption is con-
troversial. The applied studies have produced limited, incomplete, and, in some cases,
contradictory results, mainly because they often do not fully consider economic, geograph-
ical, climatological, and behavioral factors. In general, the benefits of DST are highly
site-dependent, with regions showing very different responses depending on their lo-
cal climate and daylight profiles. Regarding energy efficiency, our review indicates that
DST yields modest reductions in lighting-related electricity consumption in commercial
buildings, particularly in regions with significant seasonal daylight variations, though
these savings may be offset by increased HVAC demand in warmer climates. To opti-
mize energy use, building managers should implement adaptive lighting controls that
adjust to extended daylight hours during DST and enhance HVAC scheduling to miti-
gate cooling spikes in summer. For occupant comfort and productivity, the disruption of
circadian rhythms suggests a need for flexible work hours in the weeks following time
shifts, allowing employees to adjust to altered daylight patterns. Operationally, automated
building management systems (BMSs) should be recalibrated biannually to align with DST
schedules, ensuring efficient energy distribution and maintaining thermal comfort. These
strategies can collectively enhance energy efficiency and occupant satisfaction in commer-
cial settings under varying daylight regimes. On the other hand, the impact on occupant
comfort and productivity of changing schedules can disrupt circadian rhythms, affecting
sleep quality, productivity, and occupant well-being. Discrepancies between social time
and solar time can have negative effects on health and work efficiency, especially in the first
weeks after the time change. Despite the insights provided, this study faces limitations that
temper its findings. The reliance on bibliometric and systematic review methods limits our
ability to generate primary data specific to commercial buildings, while the heterogeneity
of regional studies complicates universal conclusions. Additionally, the evolving adoption
of energy-efficient technologies, such as LED lighting, may reduce DST’s relevance, a factor
not fully captured in older studies. Future research should prioritize localized, empirical
studies using high-resolution energy load data from diverse commercial building types,
particularly in understudied regions like Africa and Asia. Integrating occupant feedback
through surveys could further elucidate comfort impacts, while longitudinal analyses could
assess how technological advancements alter DST’s efficacy over time. Such efforts would
refine our understanding of DST’s role in building management and inform evidence-based
policy decisions. Nevertheless, transitioning to more stable schedules aligned with natural
sunlight patterns may be more beneficial in terms of public health and energy efficiency.
As future work, it is recommended that a comprehensive study be undertaken to assess the
impact of DST on electricity demand by analyzing the load diagrams of different buildings
both before and after the DST transition. By combining this high-resolution load data with
precise sunrise and sunset times, it will be possible to better isolate the effects of DST from
other variables and gain a clearer understanding of how the clock shift affects both peak
and total energy demand. This approach will help fill current knowledge gaps and provide
a more nuanced picture of how and why DST affects energy use in different environments.
However, moving to more stable schedules that align with natural sunlight patterns may
be more beneficial in terms of public health and energy efficiency.



Energies 2025, 18, 2088 26 of 28

Author Contributions: Conceptualization, I.A. and A.C.; methodology, .A., L].R.N. and A.C,;
validation, I.A. and D.P.V; formal analysis, A.C. and I.A.; investigation, I.A., L.J.R.N. and A.C,;
resources, A.C.; data curation, I.A.; writing—original draft preparation, I.A., LJ.R.N. and A.C.;
writing—review and editing, .A. and A.C.; visualization, I.A. and A.C.; supervision, D.P.V. and A.C.
All authors have read and agreed to the published version of the manuscript.

Funding: A.C,, LA, and LJ.R.N. were supported by Prometheus, Research Unit on Energy, Materials,
and Environment for Sustainability, UIDP/05975/2020, which is funded by national funds through
FCT—Fundacao para a Ciéncia e Tecnologia.

Data Availability Statement: The data presented in this study are available per request to the
corresponding author.

Acknowledgments: I acknowledge the use of chatgpt (OpenAl, https://openai.com/chatgpt/) to
proofread the final draft.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Aratjo, I; Nunes, L.J.R; Vilas, D.P.; Curado, A. Photovoltaic Production Management in a Hall of Residence with High Energy
Consumption. Energies 2022, 15, 8412. [CrossRef]

2. Verdejo, H.; Becker, C.; Echiburu, D.; Escudero, W.; Fucks, E. Impact of daylight saving time on the Chilean residential
consumption. Energy Policy 2016, 88, 456-464. [CrossRef]

3. Mirza, EM,; Bergland, O. The impact of daylight saving time on electricity consumption: Evidence from southern Norway and
Sweden. Energy Policy 2011, 39, 3558-3571. [CrossRef]

4. Ahuja, D.R; SenGupta, D. Year-round daylight saving time will save more energy in India than corresponding DST or time zones.
Energy Policy 2012, 42, 657-669. [CrossRef]

5. Flores, D.; Luna, E.M. An econometric evaluation of daylight saving time in Mexico. Energy 2019, 187, 116124. [CrossRef]

6. Kellogg, R.; Wolff, H. Daylight time and energy: Evidence from an Australian experiment. J. Environ. Econ. Manag. 2008, 56,
207-220. [CrossRef]

7. Kotchen, M.J.; Grant, L.E. Does Daylight Saving Time Save Energy? Evidence from a Natural Experiment in Indiana. Rev. Econ.
Stat. 2011, 93, 1172-1185. [CrossRef]

8.  Marshall, D. El Consumo Eléctrico Residencial en Chile en 2008. Cuad. Econ. 2010, 47, 57-89. [CrossRef]

9. Shimoda, Y.; Asahi, T.; Taniguchi, A.; Mizuno, M. Evaluation of city-scale impact of residential energy conservation measures
using the detailed end-use simulation model. Energy 2007, 32, 1617-1633. [CrossRef]

10. Kandel, A.; Sheridan, M. The Effect of Early Daylight Saving Time on California Electricity Consumption: A Statistical Analysis;
California Energy Commission: Sacramento, CA, USA, 2007.

11.  European Commission. Proposal for a Directive of the European Parliament and of the Council Discontinuing Seasonal Changes of Time
and Repealing Directive 2000/84/EC; European Commission: Brussels, Belgium, 2018.

12.  Aria, M.; Cuccurullo, C. Bibliometrix: An R-tool for comprehensive science mapping analysis. J. Informetr. 2017, 11, 959-975.
[CrossRef]

13.  Franklin, B. An Economical Project. ]. Paris 1784, 26, 1-4. Available online: https:/ /founders.archives.gov/documents/Franklin/
01-42-02-0151 (accessed on 16 April 2024).

14.  Douma, M. Curator. Daylight Saving Time. 2008. Available online: https://webexhibits.org/daylightsaving/ (accessed on 16
April 2024).

15. Hudson, G.V. On Seasonal Time-Adjustment in Countries South of Lat. 30°. Transactions and Proceedings of the New Zealand
Institute 1895. Volume 28, pp. 734-736. Available online: https://paperspast.natlib.govt.nz/periodicals/ TPRSNZ1895-28.2.7.1.5
(accessed on 16 April 2024).

16. Haines, ]. Which Countries Observe Daylight Saving Time? US News & World Report, 6 November 2023.

17.  Pew Research Center. Most Countries Don’t Observe Daylight Saving Time; Pew Research Center: Washington, DC, USA, 2023;
Available online: https:/ /www.pewresearch.org/short-reads/2023/10/26 / most-countries-dont-observe-daylight-saving-time /
(accessed on 16 April 2024).

18. Rishi, M.A.; Ahmed, O,; Perez, ]. H.B.; Berneking, M.; Dombrowsky, J.; Flynn-Evans, E.E.; Santiago, V.; Sullivan, S.S.; Upender, R.;

Yuen, K,; et al. Daylight saving time: An American Academy of Sleep Medicine position statement. J. Clin. Sleep Med. 2020, 16,
1781-1784. [CrossRef] [PubMed]


https://openai.com/chatgpt/
https://doi.org/10.3390/en15228412
https://doi.org/10.1016/j.enpol.2015.10.051
https://doi.org/10.1016/j.enpol.2011.03.057
https://doi.org/10.1016/j.enpol.2011.12.043
https://doi.org/10.1016/j.energy.2019.116124
https://doi.org/10.1016/j.jeem.2008.02.003
https://doi.org/10.1162/REST_a_00131
https://doi.org/10.4067/S0717-68212010000100003
https://doi.org/10.1016/j.energy.2007.01.007
https://doi.org/10.1016/j.joi.2017.08.007
https://founders.archives.gov/documents/Franklin/01-42-02-0151
https://founders.archives.gov/documents/Franklin/01-42-02-0151
https://webexhibits.org/daylightsaving/
https://paperspast.natlib.govt.nz/periodicals/TPRSNZ1895-28.2.7.1.5
https://www.pewresearch.org/short-reads/2023/10/26/most-countries-dont-observe-daylight-saving-time/
https://doi.org/10.5664/jcsm.8780
https://www.ncbi.nlm.nih.gov/pubmed/32844740

Energies 2025, 18, 2088 27 of 28

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Manfredini, R.A.-O.; Fabbian, F.; Cappadona, R.; Modesti, P.A. Daylight saving time, circadian rhythms, and cardiovascular
health. Intern. Emerg. Med. 2018, 13, 641-646. [CrossRef]

Desmennu, A.T,; Titiloye, M.A.; Owoaje, E.T. Behavioural risk factors for sexually transmitted infections and health seeking
behaviour of street youths in Ibadan, Nigeria. Afr. Health Sci. 2018, 18, 180-187. [CrossRef] [PubMed]

Lambert, G.W,; Reid, C.; Kaye, D.M.; Jennings, G.L.; Esler, M.D. Effect of sunlight and season on serotonin turnover in the brain.
Lancet 2002, 360, 1840-1842. [CrossRef] [PubMed]

James, SM.; Honn, K.A.; Gaddameedhi, S.; Van Dongen, H.P.A. Shift Work: Disrupted Circadian Rhythms and Sleep—
Implications for Health and Well-being. Curr. Sleep Med. Rep. 2017, 3, 104-112. [CrossRef]

Farrell, D.; Narasiman, V.; Ward, M. Shedding Light on Daylight Saving Time. Econom. Model. Macroecon. eJournal 2016. [CrossRef]
Gibson, M.; Shrader, J. Time Use and Labor Productivity: The Returns to Sleep. Rev. Econ. Stat. 2018, 100, 783-798. [CrossRef]
Giuntella, O.; Mazzonna, F. Sunset time and the economic effects of social jetlag: Evidence from US time zone borders. J. Health
Econ. 2019, 65, 210-226. [CrossRef]

Costa-Font, ].; Fleche, S.; Pagan, R. The labour market returns to sleep. J. Health Econ. 2024, 93, 102840. [CrossRef]

Barnes, C.M.; Wagner, D.T. Changing to daylight saving time cuts into sleep and increases workplace injuries. J. Appl. Psychol.
2009, 94, 1305-1317. [CrossRef] [PubMed]

Dickinson, A.; Waddell, G.R. Productivity losses in the transition to Daylight Saving Time: Evidence from hourly GitHub activity.
J. Econ. Behav. Organ. 2024, 227, 106749. [CrossRef]

Kountouris, Y.; Remoundou, K. About time: Daylight Saving Time transition and individual well-being. Econ. Lett. 2014, 122,
100-103. [CrossRef]

Ferguson, S.A ; Preusser, D.F; Lund, A K,; Zador, P.L.; Ulmer, R.G. Daylight saving time and motor vehicle crashes: The reduction
in pedestrian and vehicle occupant fatalities. Am. J. Public Health 1995, 85, 92-95. [CrossRef]

Doleac, J.L.; Sanders, N.J. Under the Cover of Darkness: How Ambient Light Influences Criminal Activity. Rev. Econ. Stat. 2015,
97,1093-1103. [CrossRef]

Kamstra, M.].; Kramer, L.A.; Levi, M.D. Losing Sleep at the Market: The Daylight Saving Anomaly. Am. Econ. Rev. 2000, 90,
1005-1011. [CrossRef]

Miiller, L.; Schiereck, D.; Simpson, M.; Voigt, C. Daylight saving effect. J. Multinatl. Financ. Manag. 2009, 19, 127-138. [CrossRef]
Lahti, T.; Nysten, E.; Haukka, J.; Sulander, P.; Partonen, T. Daylight saving time transitions and road traffic accidents. J. Environ.
Public Health 2010, 2010, 657167. [CrossRef]

Toro, W.; Tigre, R.; Sampaio, B. Daylight Saving Time and incidence of myocardial infarction: Evidence from a regression
discontinuity design. Econ. Lett. 2015, 136, 1-4. [CrossRef]

Shapiro, C.M.; Blake, E; Fossey, E.; Adams, B. Daylight saving time in psychiatric illness. J. Affect. Disord. 1990, 19, 177-181.
[CrossRef]

Kuehnle, D.; Wunder, C. Using the Life Satisfaction Approach to Value Daylight Savings Time Transitions: Evidence from Britain
and Germany. |. Happiness Stud. 2016, 17, 2293-2323. [CrossRef]

Henry, O. Average sunrise time predicts depression prevalence. J. Psychosom. Res. 2003, 55, 99-105. [CrossRef]

Prerau, D.S. Changing Times: National Time Management Policy. Technol. Rev. 1977, 79, 54-63.

Rock, B.A. Impact of daylight saving time on residential energy consumption and cost. Energy Build. 1997, 25, 63—68. [CrossRef]
Aries, M.B.; Newsham, G.R. Effect of daylight saving time on lighting energy use: A literature review. Energy Policy 2008, 36,
1858-1866. [CrossRef]

Havranek, T.; Herman, D.; Irsova, Z. Does Daylight Saving Save Electricity? A Meta-Analysis. Energy J. 2018, 39, 63-86. [CrossRef]
Littlefair, P.F. Effects of clock change on lighting energy use. Energy World 1990, 175, 15-17.

Hill, S.; Desobry, E.; Garnsey, E.; Chong, Y.-F. The impact on energy consumption of daylight saving clock changes. Energy Policy
2010, 38, 4955-4965. [CrossRef]

Kudela, P; Havranek, T.; Herman, D.; Irsova, Z. Does daylight saving time save electricity? Evidence from Slovakia. Energy Policy
2020, 137, 111146. [CrossRef]

Grujic, M.; Radevski, A. Simple analysis of daylight saving time effects in Belgrade climate and latitude. Spatium 2018, 2018, 1-6.
[CrossRef]

Lépez, M. Daylight effect on the electricity demand in Spain and assessment of Daylight Saving Time policies. Energy Policy 2020,
140, 111419. [CrossRef]

Eggimann, S.; Mutschler, R.; Orehounig, K.; Fiorentini, M. Climate change shifts the trade-of between lower cooling and higher
heating demand from daylight saving time in office buildings. Environ. Res. Lett. 2023, 18, 024001. [CrossRef]
Giacomelli-Sobrinho, V.; Cudlinov4, E.; Buchtele, R.; Sagapova, N. The tropical twilight of Daylight-Saving Time (DST): Enlight-
ening energy savings from electricity markets across Brazilian regions. Energy Sustain. Dev. 2022, 67, 81-92. [CrossRef]

Fong, W.-K.; Matsumoto, H.; Lun, Y.-F; Kimura, R. Energy Savings Potential of the Summer Time Concept in Different Regions of
JapanFrom the Perspective of Household Lighting. J. Asian Archit. Build. Eng. 2007, 6, 371-378. [CrossRef]


https://doi.org/10.1007/s11739-018-1900-4
https://doi.org/10.4314/ahs.v18i1.23
https://www.ncbi.nlm.nih.gov/pubmed/29977272
https://doi.org/10.1016/S0140-6736(02)11737-5
https://www.ncbi.nlm.nih.gov/pubmed/12480364
https://doi.org/10.1007/s40675-017-0071-6
https://doi.org/10.2139/ssrn.2966170
https://doi.org/10.1162/rest_a_00746
https://doi.org/10.1016/j.jhealeco.2019.03.007
https://doi.org/10.1016/j.jhealeco.2023.102840
https://doi.org/10.1037/a0015320
https://www.ncbi.nlm.nih.gov/pubmed/19702372
https://doi.org/10.1016/j.jebo.2024.106749
https://doi.org/10.1016/j.econlet.2013.10.032
https://doi.org/10.2105/AJPH.85.1.92
https://doi.org/10.1162/REST_a_00547
https://doi.org/10.1257/aer.90.4.1005
https://doi.org/10.1016/j.mulfin.2008.09.001
https://doi.org/10.1155/2010/657167
https://doi.org/10.1016/j.econlet.2015.08.005
https://doi.org/10.1016/0165-0327(90)90089-Q
https://doi.org/10.1007/s10902-015-9695-8
https://doi.org/10.1016/S0022-3999(02)00479-8
https://doi.org/10.1016/S0378-7788(96)00990-5
https://doi.org/10.1016/j.enpol.2007.05.021
https://doi.org/10.5547/01956574.39.2.thav
https://doi.org/10.1016/j.enpol.2010.03.079
https://doi.org/10.1016/j.enpol.2019.111146
https://doi.org/10.2298/SPAT1839001G
https://doi.org/10.1016/j.enpol.2020.111419
https://doi.org/10.1088/1748-9326/acb0e3
https://doi.org/10.1016/j.esd.2022.01.002
https://doi.org/10.3130/jaabe.6.371

Energies 2025, 18, 2088 28 of 28

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

Momani, M.A.; Yatim, B.; Ali, M.A.M. The impact of the daylight saving time on electricity consumption-A case study from
Jordan. Energy Policy 2009, 37, 2042-2051. [CrossRef]

Karasu, S. The effect of daylight saving time options on electricity consumption of Turkey. Energy 2010, 35, 3773-3782. [CrossRef]
Krarti, M.; Hajiah, A. Analysis of impact of daylight time savings on energy use of buildings in Kuwait. Energy Policy 2011, 39,
2319-2329. [CrossRef]

Belzer, D.B.; Hadley, S.W.; Chin, S.-M. Impact of Extended Daylight Saving Time on National Energy Consumption Report to Congress;
DOEEE (USDOE Office of Energy Efficiency and Renewable Energy (EE)): Washington, DC, USA, 2008.

Kandel, A.; Metz, D. The Effects of Daylight Saving Time on California Electricity Use; California Energy Commission: Sacramento,
CA, USA, 2001.

Niembro, G.; Acosta, R. A methodology to classify residential customers by their pattern of consumption. In Proceedings of the
1999 IEEE Power Engineering Society Summer Meeting, PES 1999-Conference Proceedings, Edmonton, AB, Canada, 18-22 July
1999; pp. 226-231.

Hillman, M.; Parker, ]. More daylight, less electricity. Energy Policy 1988, 16, 514-515. [CrossRef]

Kiifeoglu, S.; Ugler, S.; Eskicioglu, F; Oztiirk, E.B.; Chen, H. Daylight Saving Time policy and energy consumption. Energy Rep.
2021, 7, 5013-5025. [CrossRef]

Choi, S.; Pellen, A.; Masson, V. How does daylight saving time affect electricity demand? An answer using aggregate data from a
natural experiment in Western Australia. Energy Econ. 2017, 66, 247-260. [CrossRef]

Grigor’ev, V.S,; Lishak, E.Y.; Onegina, O.O. Domestic Power Consumption in Moscow. Svetotehnika 1984, 6-7.

Guven, C.; Yuan, H.; Zhang, Q.; Aksakalli, V. When does daylight saving time save electricity? Weather and air-conditioning.
Energy Econ. 2021, 98, 105216. [CrossRef]

Bergland, O.; Mirza, F. Latitudinal Effect on Energy Savings from Daylight Savings Time; School of Economics and Business,
Norwegian University of Life Sciences: As, Norway, 2017.

Bircan, C.; Wirsching, E. Daylight saving all year round? Evidence from a national experiment. Energy Econ. 2023, 127, 107093.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.enpol.2009.02.009
https://doi.org/10.1016/j.energy.2010.05.027
https://doi.org/10.1016/j.enpol.2011.01.046
https://doi.org/10.1016/0301-4215(88)90051-1
https://doi.org/10.1016/j.egyr.2021.08.025
https://doi.org/10.1016/j.eneco.2017.06.018
https://doi.org/10.1016/j.eneco.2021.105216
https://doi.org/10.1016/j.eneco.2023.107093

	Introduction 
	Materials and Methods 
	Bibliometric Analysis Procedure 
	Literature Review 

	Bibliometric Analysis Results 
	Bibliometric Analysis of the Data 
	Analysis of Frequent Terms in DST Research 
	Evolution of Citations over the Years 
	Geographical Distribution of Research Output 
	Relationships Among Sourcess, Authors, and Keywords 
	Co-Occurrence Analysis of Keywords 

	Results and Discussion 
	DST Brief Historic Analysis 
	DST Without the Energy Component 
	Potential Energy Savings with DST 
	The Overall Impact of DST on Energy Efficiency 
	Regional Studies on the Impact of DST on Energy Demand 
	DST Impact on Energy Demand and Energy Consumption Profile 


	Conclusions 
	References

