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ANALYSIS OF ENERGY CONSUMPTION IN COMMERCIAL BUILDINGS
IN A MODERATE CLIMATE

This study provides a comprehensive analysis of energy consumption patterns in various commercial buildings
located in regions with a moderate climate, characterized by cold, often frigid winters and hot, humid summers.
The aim of this work is to identify operational energy consumption trends across different building types, including
offices, healthcare facilities, educational institutions, hotels, and restaurants, to create future energy management
and decision-making systems. The methodology of the research employs a comparative analysis approach,
examining energy usage across diverse building types. Data was normalized to kilowatt-hours per square foot
to facilitate direct comparisons. The analysis considered seasonal variations, incorporating data on external
temperature, occupancy patterns, and operational hours. Scientific novelty. The originality of this study lies in
its detailed integration of various building types. By focusing on a specific geographic area, this research provides
tailored insights into how local climate conditions affect energy use. The study also innovates by translating its
findings into practical recommendations for developing machine learning models that can optimize energy usage.
Conclusions. The analysis revealed that larger buildings, such as hospitals and large offices, exhibit higher energy
usage compared to smaller buildings, due to their extensive facilities and continuous operation. Seasonal trends
show significant variations, with peaks during winter and summer due to heating and cooling demands. The study
concludes that understanding these patterns is crucial for effective energy management and sustainability efforts.
By identifying key parameters influencing energy consumption, this research supports the development of predictive
models that can enhance energy efficiency in commercial buildings. The findings offer valuable insights for
stakeholders, including building managers, policymakers, and researchers, aiming to reduce energy consumption
and improve sustainability in energy management.

Key words: energy management, energy consumption patterns, energy comparative analysis, energy savings,
occupancy patterns, energy demands.
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AHATI3 EHEPTOCIMOXWBAHHA KOMEPUIVMHUX BYQIBENb Y MOMIPHOMY KNIMATI

HocnidxeHHs Hadae ecebiyHul aHani3 CroXueaHHs eHepaii y pi3HUX KomepuitiHux 6ydiensx, po3mawosaHux
y peeioHax i3 MoMIpHUM KiliMamomM, W0 xapakmepu3syembCsl X0N0OHUMU, 4acmo MOPO3HUMU 3UuMaMu ma 2apsidu-
Mu, gosioeumu niimamu. Mema po6omu rionsizae 8 ideHmugikauii meHOeHUilt croXusaHHsI eHepeil 8 pi3HUX munax
bydiserb, gKkoYaoyu ogicu, MeduyHi 3aKknadu, 0C8IMHI ycrmaHoeu, 20merti ma pecmopaHu, 3 MEMOK CIMBOPEHHS
cucmem ynpaeniHHs eHepaiero ma npuliHamms piweHb. Memodonoezisi docrioxeHHsI rornsieae y eus4aHHi Crio-
JKUBaHHs eHepeii 8 pisHux munax bydisenb. [aHi 6ynu HopmanizosaHi 00 Kijoeam-200uUH Ha keadpamHuli ¢hym,
w06 nonezawumu ropieHsIHHS. AHani3 epaxosysag Ce30HHI eapiayil, 8Krmoyarodu GaHi rMpo 308HIWHIO memnepamypy,
modeni nosediHku Kopucmysadie ma 200uHuU pobomu. Hoeukoea Hosu3Ha. OpuaiHanbHicmb Ub020 O0CTIOKEHHS
nonsizae 8 0emarnbHoMy 00CiOXeHHI pisHUX muriie bydigenb. 30cepedKyoHuUCh Ha KOHKPeMHOMY 2eoepaghidHomy
peeioHi, ue JoCrnioXeHHs Hadae ysI8INIeHHS PO me, K Micuesi KiiMamuy4Hi yMo8u 8riuearoms Ha 8UKOPUCMaHHS
eHepzii. Y docnidxeHHs makox HasedeHi npakmuyHi pekomeHOauji ujo0o po3pobku modesnell MaWUHHO20 Hag4aH-
HSl, SIKI MOXYmb OnMuUMI3y8amu 8UKOpUCMaHHS eHepeii. BucHoeku. AHarni3 nokasas, wo b6inbwi 6ydieni, maki
SK fliKapHi ma eenuki ogbicu, crioxusarome binblie eHepaii MopieHAHO 3 MeHwWuMU bydiensamu Yepe3 iXHE eenuke
ycmamkysaHHs ma b6e3nepepsHy pobomy. Ce30HHi meHAeHUii deMoHecmpyromb 3Ha4Hi eapiauii, 3 nikamu 8 3umosuli
ma nimHit nepiodu Yyepe3 nompebu 8 onaneHHi ma o0xo/100XeHHI. Po3ymiHHS yux mModeriell CrioKUBaHHS € 8aXIIu-
8uM 05151 eQheKmMUBHO20 yrpassiiHHS eHepaiero ma cmasno2o po3eumky. [JocnidxeHHs1 8U3Ha4YaE KIo4o8i 3MiHHiI, Uio
8r11U8arMb Ha CrioXXU8aHHS eHepeaii, Ki MOXymb Bymu sukopucmaHi 0risi po3pobku modernel MalUHHO20 Hag4yaH-
Hs. Modeni MawuHHO20 HagYyaHHSI 3 BUKOPUCMAHHAM UUX 3MIHHUX MOXYMmb MOKpawumu eHepaoeekmusHiCmb
y KoMmepyitiHux 6ydiensix. BucHosku Halaromb UiHHY iHGbopmauiio 01 3auikaeneHux CMopiH, 8KIMoYayu MeHe-
Oxepie 6ydisenb, nonimukie ma GocnidHUKI8, SKi npagHymb 3MEeHWUMU CroXueaHHsi eHepeaii ma onmumisyeamu
8UKOpUCMaHHS eHepail.

Knroyoei cnoea: ynipaeriHHs eHepai€to, 3anexXHocmi CrioxXusaHHs1 eHepeil, MopieHsAIbHUU aHasi3 eHepaoCnoXu-
BaHHS1, eHep2030epPeXEHHS, 3a51eXXHOCMI 8UKOPUCMAaHHS MPUMilleHb, nompebu e eHepeail.

Introduction. In the contemporary discourse given the substantial proportion of the global popu-
on sustainability, the significance of energy effi- lation living in these regions. About 1.6 billion peo-
ciency and sustainable development cannot be ple live at 12—18°C compared to about 2.2 billion at
overstated. Particularly in the realm of commer- 24-28°C (Klinger & Ryan, 2022, p. 1-10).
cial buildings, where the dependence on energy The analytical process involves examining var-
is notably substantial, the ability to predict energy  ious factors (Sadaghat et al., 2024, p. 1-10), such
consumption accurately is paramount. This capa-  as electricity, heat, and water consumption, along-
bility facilitates more effective management of con-  side external influences like climatic conditions,
sumption and resources, a crucial factor given that  operational hours, and building types. Through
buildings account for over 30% of primary energy  such analysis, it is possible to discern patterns,
usage globally (Chen et al., 2021, p. 1-10). The identify seasonal variations, and understand other
behavior of occupants, a major determinant of a  dynamics that impact energy use. These insights
building’s energy efficiency, along with other fac- inform the selection of key parameters for predic-
tors, necessitates a nuanced analysis of consump-  tive models, including building dimensions, tech-
tion patterns (Jia et al., 2017, p. 525-540). These  nology types used for heating and air conditioning,
patterns are essential for developing predictive  operational schedules, and even specific business
models capable of generating precise forecasts  activities within the premises.
with minimal data while maintaining data privacy. The implications of this research extend across

There are two predominant methodologies  multiple stakeholders, encompassing the business
for forecasting energy consumption in buildings:  community, academic researchers, government
physical and data-driven modeling (Amasyali & bodies, and public organizations. For the scien-
El-Gohary, 2018, p. 1192—-1205). Physical mode- tific community, this study offers a framework to
ling demands an exhaustive description of all sys-  explore the multifaceted influences on energy effi-
tem parameters, posing challenges in scalability  ciency within commercial buildings and develop

and speed of implementation. In contrast, data- innovative methodologies for measuring and man-
driven approaches offer a more expedient and  aging energy consumption.
less resource-intensive alternative, although they Purpose. The purpose of this study is to con-

require robust datasets that respect confidential- duct a comparative analysis of energy usage
ity constraints—particularly pertinent in commercial  across various types of commercial buildings in
settings where financial and operational data sen- moderate climate with cold, often frigid winters
sitivity is paramount. and hot, humid summers to determine variables

Research on energy usage in moderate cli- for machine learning models. By examining the
mates is crucial for several key reasons, especially  patterns of energy consumption, this research
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aims to highlight operational and structural factors
that contribute to energy efficiency, or lack thereof,
within different commercial contexts. This paper
evaluates a spectrum of building types including
office spaces of varying sizes, healthcare facilities
ranging from hospitals to outpatient clinics, edu-
cational institutions from primary to secondary
schools, hospitality services from large to small
hotels, and food service establishments from
full-service to quick-service restaurants.

Furthermore, the study investigates the energy
usage disparities within similar categories of build-
ings, offering a comparative analysis that brings
to light the influence of building size and type on
energy consumption. This includes an exploration
into how small offices compare to medium and
large ones, how energy demands differ between
outpatient facilities and hospitals, and the energy
profiles of primary schools versus secondary
schools. The analysis extends to the hospital-
ity sector, comparing large hotels to their smaller
counterparts, and examines the energy consump-
tion differences between full-service and quick-ser-
vice restaurants, as well as retail strip malls and
standalone retail outlets.

Methodology. Data for the state of Minnesota
was chosen for it's extremes.

The dataset was aggregated from the
U.S. Department of Energy’s Programs, Offices,
and National Laboratories for the State of Min-
nesota (National Renewable Energy Laboratory,
2018).

The database includes datasets per each of the
building type: full-service restaurant, quick-service
restaurant, hospital, outpatient, large hotel, small
hotel, large office, medium office, small office,
large office, primary school, secondary school,
retail standalone, retail stripmall, warehouse. The
dataset contains data for the year of 2019. In order
to research the utilization of energy per unit area,
it was decided to normalize kilowatt-hours (kWh)
by the unit of area, which, in the dataset, is repre-
sented in square feet.

The following dataset columns were used for
each dataset.

Findings. The analysis of energy consump-
tion trends across various building types reveals

distinct patterns and seasonal variations in energy
consumption. Overall, the energy consumption
fluctuates throughout the year, reflecting the influ-
ence of seasonal changes in weather conditions
and building operations.

Within the office category, significant variations
in energy consumption patterns are observed
among small, medium, and large offices. Large
offices tend to have higher average energy con-
sumption, exceeding medium offices by 16.73%
per square area and small offices by 51.01%.
Medium-sized offices typically show a 29.36%
higher average consumption per square area com-
pared to small offices. This disparity can be attrib-
uted to several factors, including larger floor areas,
higher occupant densities, and more extensive
heating, ventilation, and air conditioning (HVAC)
systems. Medium-sized offices exhibit moderate
energy consumption values, reflecting a balance
between size and operational efficiency. Small
offices, on the other hand, demonstrate relatively
lower energy consumption values, suggesting
more efficient energy usage per square area due
to smaller floor areas and potentially less intensive
operational needs.

The comparison between outpatient facili-
ties and hospitals reveals notable differences in
energy consumption, reflecting distinct operational
characteristics and service requirements. Hospi-
tals typically exhibit higher energy consumption
values than outpatient facilities due to their 24/7
operation, extensive medical equipment usage,
and larger building sizes. The continuous need
for lighting, HVAC, and medical equipment con-
tributes to higher energy consumption in hospitals
compared to outpatient facilities, which operate
during limited hours and provide fewer specialized
services. Hospitals typically exhibit significantly
higher average energy consumption, surpassing
outpatient buildings by 70.6% per square area.

Primary and secondary schools display con-
trasting energy usage patterns, with secondary
schools generally exhibiting higher energy con-
sumption values than primary schools. The higher
energy consumption in secondary schools may
be attributed to larger building sizes, increased
energy demand for specialized facilities such as

Table 1

The research utilized the columns of the dataset for analysis

Dataset Column

Explanation

in.sqft

The floor area that this model represents in the U.S. building stock.

out.electricity.total.energy consumption.kwh

Building annual total site electricity energy consumption

timestamp

Timestamp of the collected data. Timestamps are 15 minute
intervals.
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laboratories and gymnasiums, and longer operat-
ing hours for extracurricular activities and sports
events. In contrast, primary schools typically have
smaller footprints and simpler operational needs,
resulting in lower energy consumption values.
Secondary schools typically show higher average
energy consumption compared to primary school
buildings, by 8.2% per square area.

The analysis of energy consumption in large
hotels versus small hotels reveals differences influ-
enced by factors such as amenities, occupancy
rates, and operational scale. Large hotels tend to
have higher energy consumption values compared
to small hotels due to their larger size, extensive
facilities (e.g., conference rooms, swimming pools,
fithess centers), and higher occupancy rates. The
constant demand for heating, cooling, lighting,
and other services in large hotels contributes to
their higher energy consumption per square area
compared to smaller establishments. Large hotels
generally demonstrate a substantially higher aver-
age energy consumption in comparison to smaller
hotel establishments, by an increase of 72.4% per
square area.

The evaluation of energy consumption between
full-service and quick-service restaurants highlights
differences in energy consumption associated with
service models and operational practices. Full-ser-
vice restaurants typically have higher energy con-
sumption values compared to quick-service res-
taurants. The need for ambient lighting, heating,
cooling, and kitchen operations throughout the
day may contribute to higher energy consumption
in full-service restaurants. Quick service restau-
rants typically exhibit a significantly higher average
energy consumption compared to full-service res-
taurants, by 228.29% per square area.

The comparison of energy consumption for
retail strip malls against standalone retail buildings
reveals contrasting energy consumption patterns
influenced by shared versus individual energy
systems. Retail malls may have less energy con-
sumption values compared to standalone retail
buildings due to shared energy systems, com-
mon area lighting, and centralized HVAC systems
serving multiple tenants. In contrast, standalone
retail buildings typically have higher energy con-
sumption values as they operate independently
with individual HVAC systems and lighting controls
tailored to their specific needs. Stand-alone retail
establishments typically exhibit a slightly higher
average energy consumption compared to retail
strip malls, by 0.8% per square area. Even when
energy consumption values do not show a signifi-
cant difference in consumption values per square
area, the patterns remain distinct.
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Originality. This research encompasses a
wide range of building types, including offices,
hospitals, schools, hotels, restaurants, and retail
spaces. By comparing different types of build-
ings, the study encourages cross-sector learning,
where strategies that are effective in one type of
building might be adapted and applied in another.
These findings underscore the importance of
understanding the unique characteristics and
operational dynamics of different building types
in analyzing energy consumption patterns and
implementing targeted energy efficiency meas-
ures. The originality of this study is prominently
highlighted by how it translates findings into prac-
tical recommendations for energy management
and the development of machine learning mod-
els. This approach not only advances theoretical
knowledge but also provides actionable insights
that can be directly applied to improve building
energy efficiency in various settings.

Discussion. The observed energy consump-
tion patterns suggest that building size and oper-
ational complexity are key determinants of energy
consumption. Larger buildings and those with
more diverse usage tend to have higher energy
consumption. Seasonal trends indicate that heat-
ing is a major driver of energy consumption in com-
mercial buildings, with all building types showing
increased energy consumption during the colder
months.

The higher energy demands in hospitals and
large hotels underscore the need for targeted
energy efficiency measures in buildings with
continuous operation. The comparatively lower
energy consumption in smaller offices and outpa-
tient facilities suggests that smaller scale oper-
ations could serve as models for energy-saving
practices.

Limitations of this study include the lack of data
on specific energy conservation measures in place
and the potential impact of building age and ret-
rofitting on energy consumption. Future research
could explore these factors in detail, as well as the
influence of occupancy behavior on energy con-
sumption patterns.

Practical Value. The results may be utilized to
determine variables for machine learning models
that aim for high precision in predicting and opti-
mizing energy usage. It is crucial to consider var-
iables directly derived from the study of energy
usage patterns observed through data from differ-
ent buildings. The list of variables may include the
following:

Building Type: Specific types such as office,
hospital, school, hotel, restaurant, or retail, as
energy patterns significantly vary across types.
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Fig. 1. The chart visually demonstrates the distinct difference in the data

e Building Size: The size of the building can
impact energy use, with larger buildings possibly
having different efficiency scales.

e Location: Geographic information which can
influence energy needs based on climate.

e Energy Consumption History: Historical data
on energy usage that helps in trend analysis and
modeling.

e HVAC System Characteristics: Details about
heating, ventilation, and air conditioning systems,
which are critical for understanding what drives
energy consumption.

e Insulation Quality: Information on the build-
ing’s insulation which affects heating and cooling
efficiency.

e Operational Hours: For commercial build-
ings like restaurants and retail stores, the hours of
operation can significantly impact energy usage.

e Window-to-Wall Ratio: This ratio influences
natural light usage and thermal efficiency in build-
ings.

Conclusion. The evidence collected suggests
a clear correlation between building function and
size with energy consumption, which has signifi-
cant implications for energy management. Larger
facilities, particularly those offering round-the-clock

services like hospitals and large hotels, exhibit
higher energy consumption, presenting unique
challenges and opportunities for energy conser-
vation efforts. Educational institutions, particularly
secondary schools, also demonstrate a need for
tailored energy-saving strategies, likely due to
their larger physical footprints and extended usage
for after-school activities.

For the commercial sector, the contrast in
energy consumption between building types high-
lights the influence of operational practices on
energy consumption. Small offices and outpatient
facilities, with their lower energy consumption,
exemplify the potential benefits of compact space
usage and efficient operations.

The study’s results align with the broader goals
of sustainability and energy conservation, empha-
sizing the importance of energy-efficient design and
operation in the face of changing climate conditions.
By adopting best practices from building types with
lower energy consumption, stakeholders can drive
improvements in energy performance across all cat-
egories. Moreover, the findings suggest a significant
potential for energy savings in commercial buildings,
which could contribute to statewide efforts to reduce
carbon emissions and combat climate change.
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