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Abstract 
Introduction: The global demand for renewable energy is expected to grow 

annually due to rising electricity consumption and economic and regulatory 
incentives. Efficient consumption and management of electricity 
consumption can support this trend (shifting from fossil resources to 
renewable resources) and benefit companies economically by reducing peak 
loads, reducing subscription costs, and protecting companies' power systems 
and networks. For effective and efficient electricity management that can help 
reduce peak electricity demand, resulting in lower demand charges and further 
reducing operational costs, it is necessary to understand the amount of 
electricity consumption and its influencing factors. Seasonal and daily 
variations and social behaviors influence changes in electricity consumption. 
Electric load variation management is essential for electricity consumers to 
control costs related to maximum load capacity and building electrical 
network equipment protection. This research presents an assessment method 
for describing daily electric load variations. It is applied to electricity 
consumption systems, but the technique is generic and can be applied to all 
activities where daily variations occur. 

Purpose: This thesis aims to show when and why peak load occurs in an 
office building and also to provide methods to improve the efficiency of 
electricity consumption during peak load. 

Method: This method implemented parameters like temperature, electricity 
consumption, and hours. It assessed a year's hourly electricity consumption in 
an office building to understand how load changes daily, weekly, and 
monthly. The case study was the AirSon office building. Data-driven from the 
efergy online portal was based on the hourly consumption every year. 

Results: The results show that the outdoor temperature, working hours, and 
consumption behavior can affect the overall electricity consumption and peak 
loads. Efficient building strategies are crucial for reducing peak loads by 
smartly controlling indoor temperature and managing electricity demand. The 
analysis offers insights into office building electricity consumption patterns 
and recommends strategies such as prioritizing car charging, optimizing the 
heat pump's operation of the HVAC system, improving the electricity 
management system, and using energy storage systems to reduce peak load. 

Discussion: The findings from this analysis carry implications for electricity 
consumption. It can provide some insights for reducing electricity 
consumption and enhancing efficiency in office buildings and similar 
facilities and also prioritization and rescheduling car chargers. In conclusion, 
it has interpreted and discussed the various electricity-saving strategies and 
their potential impact on electricity management. 

Keywords: Shifting Peak Load, Electricity Reduction, Measuring Peak 
Load, Electricity Efficiency, Building Management System, Electricity 
Consumption.  
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1 Introduction 

1.1 Problem Statement  
Companies and private businesses are assuming responsibility for their 
environmental impact and sustainability by actively reducing greenhouse gas 
(GHG) emissions, addressing global warming, decreasing electricity 
consumption, and transitioning to renewable energy sources. (Su, 2012). A 
significant part of the emission of greenhouse gasses, i.e. about 26% as well 
as about 30% of energy consumption in the world, are caused by the 
electricity consumption of commercial and office buildings (Charoen, 2022; 
International Energy Agency, 2023; Sherman, 2021).  
Moreover, electricity plays a vital role in a country's economic, social, and 
political development, serving as the cornerstone of modern society (Dada, 
2014). Between 2018 and 2050, the increase in electricity demand and 
economic and regulatory stimuli will increase global renewable energy 
consumption by 3% yearly, making it the main source of electricity 
consumption (Usman, 2022). 
The efficient and cost-effective consumption of electricity can contribute to 
finding solutions to urgent electricity demands and environmental problems. 
The International Energy Agency predicts that energy end-use savings and 
reductions will have the most significant impact on the ability to reduce 
carbon dioxide emissions to the anticipated safe level by 2035, or roughly 
two-thirds of the emission reduction objective (Apajalahti, 2015). Today, it is 
a well-established global trend that increasing the flexibility of the electricity 
demand improves energy security and system dependability (Usman, 2022). 
More urbanization, population growth, and an increase in the number of used 
devices would increase market demand for electricity, all of which tend to 
overload the current electrical infrastructure (Stanelyte, 2022). An electricity 
grid overload is brought on by a continuous rise in peak electricity demand, 
insufficient real-time monitoring and fault identification, automation, and 
quickly evolving Renewable Energy Sources (RES) integration (Miglani, 
2020) 
The evolving electricity supply landscape brings new challenges in balancing 
demand and supply. Mismatches can occur between peak electricity 
generation and peak demand. Hence, it is crucial to understand and forecast 
the changing patterns of electricity demand daily and season. This knowledge 
is essential for determining the size and timing of loads that can be met 
efficiently through flexible backup generation or electricity storage 
technologies (Li M. A., 2018). 
The Swedish government is making significant investments to promote 
electrification, particularly in the country's transportation and industrial 
sectors. Increasing electricity consumption also implies a rising dependence 
on a single energy source. Consequently, electricity outages will considerably 
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more severely impact Swedish society. To avoid electricity outages and 
system failures, maintaining balance within Sweden's national electricity grid 
is now more crucial than ever (Widmark, 2022). 
Since Sweden is located in the northern hemisphere, weather significantly 
influences electricity consumption. According to the Swedish census bureau 
(SCB, 2022), 58% of the total electricity consumption in 2019 came from 
mainly heating homes and buildings for public services like hospitals and 
schools. Because of this, electricity consumption can surge on freezing days 
and exceed the available electricity supply, potentially requiring additional 
imports to meet the demand. (Widmark, 2022).   
No single solution can be used to create a sustainable energy system. All 
potential technologies and procedures should be taken into account as part of 
the adjustments. Demand management, electricity conservation, 
infrastructure investment, market mechanisms, and auxiliary services are 
essential steps for increasing the flexibility of the energy system (Stanelyte, 
2022). Innovative controllers and advanced data management software are 
new technologies. They offer electricity storage solutions like batteries for 
handling peak electricity needs or storing excess electricity. (Langendahl, 
2019). 
The Impacts of weather and climate on electricity consumption have lately 
obtained considerable awareness. Some parts are correlated to economic 
losses; the other ones bring profits. The weather substantially influences 
different sectors of the economy because electrical demand is connected to 
several weather variables, especially the outdoor temperature. It is essential 
to comprehend and forecast the consequences of weather variables on electric 
load to manage electricity generation and supply effectively (D. P. Ding, 
2007).  
The inspiration of this study is to perform an introductory analysis of high-
resolution measurements to provide practical details about electricity load 
consumption for creating future applications in intelligent controlling 
systems. 
Electricity consumption varies from hour to hour because the electricity 
market's rates and peak demand can change significantly based on the time of 
day. (Olkkonen, 2017). Daily peak load is a regular demand for which the 
interrelation effect needs to be regarded in any forecasting (Lee, 2022). 
Hence, this study aims to review current analytical methods, modeling tools 
and expansion frameworks to shave the peak electricity load in daily hours. 
This study contains different purposes: 

1. Study strategies like and load shifting to reduce peak electricity demand 
in office buildings by using real-time data on electricity consumption 
and controlling the temperature to optimize building operations and 
evaluate cost-effectiveness. 

2. Analyze patterns and inclinations of electricity consumption to 
determine efficient methods of prioritizing and redistributing electricity 
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consumption outside peak periods. On the other hand, it reviews recent 
analytical procedures for the future.  

In other words, we are looking at how control systems help efficiently manage 
electricity consumption in buildings. This research helps experts develop 
better control strategies by analyzing electricity consumption patterns 
visually. 

1.2 Research Question  

- When does the peak load happen in the office building and why? 
- What methods can be implemented to improve the efficiency of 

electricity consumption and optimizing it during the peak load? 
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2 Theoretical framework  

2.1 Background  

The aim of reducing electricity in peak hours in office building companies is 
to manage and decrease the amount of electricity consumed during the highest 
demand, usually during hot weather when people use air conditioning the 
most and cold weather when they use the heat pump for heating. This helps 
to avoid strain on the electricity grid, implementing preventive measures, such 
as improving infrastructure, implementing backup electricity systems, 
managing electricity demand effectively, and reducing the need for expensive 
upgrades to the electrical infrastructure. It can also help companies save 
money on electricity bills, reduce their carbon footprint, and contribute to a 
more sustainable future by decreasing electricity demand. ultimately reducing 
costs and increasing profit. Companies can reduce electricity consumption by 
implementing electricity-efficient measures such as using smart thermostats, 
improving insulation, and upgrading equipment while maintaining a 
comfortable and productive working environment for their employees. 
Ultimately, a company's electricity efficiency in office buildings aims to 
balance reducing electricity consumption, maintaining a comfortable and 
practical working environment for employees, and eventually making more 
profits. In summary, the goal of a company in reducing electricity 
consumption is to decrease its electricity costs and contribute to a more 
sustainable future by reducing the overall electricity demand. 

2.2 Literature Review  

The articles in this section have been researched based on the problems 
identified in the AirSon company, which have been expressed in several 
meetings that it has mentioned in section (3.2.). This section focuses on 
articles that delve into distinct aspects of reducing or redistributing electricity 
peak loads and some related suggestions. The beginning of this section offers 
the reason for reducing electricity consumption. The context dives into the 
growing electricity needs and the importance of reducing them in a building, 
especially office buildings, because of the specific times of electricity 
consumption. Additionally, it discusses the importance of managing 
electricity consumption, which may add stress during peak loads. This section 
emphasizes strategies to shave the peak load in order to reduce the saving cost 
subscription cost for the company and defines the utilization of the standard 
phase in the building's electricity. Furthermore, it briefly explains the role of 
some other facilities and car chargers in reducing the peak load. Finally, it 
briefly describes electricity consumption performance and shares experiences 
from other authors on enhancing buildings' electricity efficiency. 
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Future energy systems are facing crucial challenges, such as the constant 
growth of electricity demand, electricity resource reduction, and rising carbon 
dioxide (CO2) emissions and other greenhouse gases (Calikus, 2019). 
Governments are setting ambitious targets and designing priorities to fight 
climate change worldwide. Over the last thirty years, many countries have 
seriously changed their electricity system to support national and international 
carbon neutrality targets (Hampton, 2022). 
According to estimates, electricity needs will grow by up to 30% by 2040 
compared to 2017. The increase will be brought on by increased urbanization, 
population expansion, and the use of more gadgets, all of which tend to exceed 
the current electrical infrastructure (Stanelyte, 2022). 
Innovative electricity services are essential in solving difficulties connected 
with electricity efficiency and assisting users in transitioning to actions 
directed toward energy sustainability (Stanelyte, 2022). 
Electrification with control of heating and cooling peak load demand in every 
field like industry, building and transport electricity demand has been offered 
to reach serious decarbonization. High electric loads in buildings at certain 
times of the day, also referred to as peak demands, place great stress on the 
electricity grid and require environmentally and economically inefficient peak 
generation capacity to meet these peak demands (Meinrenken, 2019) 
(Williams, 2011).   
The widespread use of automated electrical consumers in daily activities in 
the buildings has increased electricity demand. The building sector 
contributes up to 75% of all electricity consumption and is a 
disproportionately large contributor to peak demand (Meinrenken and 
Mehmani, 2019). 

2.2.1 Shaving The Peak load  
Managing peak loads in a building involves maintaining a stable and efficient 
electrical infrastructure. Peak loads are periods when electricity demand is at 
its highest, often exceeding the average consumption. Efficiently managing 
peak loads is crucial to prevent electrical system overload, leading to 
disruptions, increased energy costs, and potential equipment failures. By 
strategically managing and reducing peak loads, buildings can optimize 
energy consumption, enhance overall reliability, and contribute to a more 
sustainable and cost-effective operation. This is particularly relevant in 
commercial settings, where effective load management ensures uninterrupted 
procedures and helps minimize electricity costs. 
Shaving peak load refers to the process of reducing the peak load amount and 
moving it to lower load times in order to smooth the load curve. This is 
typically done by implementing strategies such as electricity storage system 
integration, electric vehicle integration to the grid, and demand side 
management. In the context of this paper, peak load shaving is achieved 
through the optimal integration of an energy storage system (ESS). However, 
the authors do discuss the integration of an energy storage system (ESS) with 
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a smart building, which would require some form of building automation and 
control system (BACS). Additionally, the paper discusses the optimal sizing 
and operation of ESS in smart buildings, which suggests that some form of 
building management system may be involved in the process. The Energy 
Management System would be necessary to monitor and control the operation 
of the ESS and other energy storage systems in the building. An EMS would 
likely be responsible for collecting data on electricity consumption, 
generation, and storage, and using that data to optimize the operation of the 
ESS to minimize electricity costs and peak load demand (Danish S. A., 2020). 
 
Reducing the peak load of electricity in buildings is essential for several 
reasons: 

1. Saving electricity subscription costs: it is a potential financial savings 
by reducing electricity consumption. Businesses and individuals often 
pay a subscription or regular service fee for electricity usage in various 
contexts. This fee is typically based on the amount of electricity 
consumed, and reducing overall consumption can lead to cost savings. 
For example, in an office building, the electricity subscription cost 
might be a recurring expense paid to the utility company. If effective 
strategies are implemented to reduce electricity consumption during 
peak times or improve overall efficiency, it can result in lower 
electricity bills and, consequently, savings in subscription costs. 
Higher electricity costs are typically associated with peak electricity 
demand. Peak demand reduction can help building owners and tenants 
save money on their electricity bills. 

2. Minimizing the load on the electrical system: The grid is built to 
support a specific level of electricity demand. When demand surpasses 
this capacity, the grid may become overloaded, which could result in 
voltage swings, brownouts, and other issues. By lowering the peak 
demand and increasing the electrical grid's dependability and stability, 
the load on it can be lessened. 

3. Preventing electricity outages: electricity outages can happen when 
the demand for electricity exceeds the electrical grid's capacity. 
electricity outages can be prevented by lowering peak demand. 

Overall, reducing the peak load of electricity in buildings is an essential part 
of managing electricity demand, improving the reliability and stability of the 
electrical grid, and reducing costs and greenhouse gas emissions. 

2.2.2 Electricity Consumption Performance 
When a building is being designed, assumptions that will affect electricity 
performance and efficiency can be evaluated. For optimizing the electricity 
consumption performance of existing buildings, data from building 
management systems (BMS) must be analyzed. Thyer has defined that the 
building management system (BMS) is a control system that can monitor and 
manage electricity loads for various electricity consumers (e.g., heating, 
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HVAC, elevators, lights) in addition to monitoring overall electricity 
consumption (Thyer, 2017). In managing electricity consumption, BMS is 
becoming more and more critical. Combining data collection and modeling 
can balance many indicators and consume less electricity. Analyzing data and 
precisely occupant behavior, however, are crucial. Enhancing electricity 
efficiency can be achieved through the use of BMS. (Džiugaitė-Tumėnienė, 
2021). 
In another word, Building Energy Management refers to the process of 
optimizing the energy performance of a building through the use of various 
techniques and technologies. The goal of building energy management is to 
reduce electricity consumption, improve electricity efficiency, and minimize 
the environmental impact of the building. Building Energy Management 
involves the monitoring, analysis, and control of various building systems, 
such as heating, ventilation, and air conditioning (HVAC), lighting, and 
consumers, to ensure that they operate efficiently and effectively. Building 
energy management can be achieved through various strategies, such as 
electricity-efficient design, building automation systems, electricity audits 
and electricity -efficient technologies.  
Energy-efficient design involves designing buildings that are optimized for 
electricity performance, such as using passive solar design, high-performance 
insulation, and efficient lighting and consumers. Building automation systems 
use sensors and controls to optimize the operation of building systems, such 
as adjusting the temperature and lighting based on occupancy and weather 
conditions. Electricity audits involve analyzing the electricity consumption of 
a building to identify areas for improvement, such as upgrading HVAC 
systems or replacing inefficient lighting. Electricity -efficient technologies, 
such as smart thermostats, can also be used to reduce electricity consumption 
and improve electricity efficiency (Fan, 2014). 
Moreover, Rasa in his article elaborates further on the BMS system in 
buildings, explaining that The BMS uses two primary methods to determine 
how ventilation systems operate: 
1. "Comfort," which is automatically set from 6:00 am to 18:00 pm during 
operating hours. Ventilation systems function at 100% efficiency while in 
consumption. if the air is between 22 and 21 °C in the winter and the summer. 
As we recall from earlier classes, the CO2 level in the rooms cannot be more 
than 900 ppm. 
2. During non-working and overnight hours between 18:00 and 06:00, as well 
as on weekends, "Economy" is automatically set. Ventilation systems perform 
at 30–50% efficiency after hours. In the winter and summer, 22 °C and 20 °C, 
respectively, of supplied air is used. No more than 1500 ppm of CO2 can be 
present in the rooms (Džiugaitė-Tumėnienė, 2021). 
Market-based time-of-use tariffs that incentivize Demand-Side Management 
techniques (DSM) (Bukoski, 2015) (Li C. Y., 2017), together with the 
integration of electricity storage systems (Zheng, 2014), can play an essential 
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role in reducing peak demands and thus increasing the efficiency and 
reliability of the grid. 
Demand Side Management (DSM) is a vision that supplies a utility instrument 
to affect the load profile. It permits clients to participate severely in electricity 
networks and considerably enhances electricity system strength, efficiency, 
economizing, and reliability (Stanelyte, 2022). DSM encloses all demand-
side ambitions aimed at reducing consumption/prices/emissions or increasing 
income from electricity sales, including strategies to improve building 
electricity efficiency (Stanelyte, 2022). 
DSM, here defined as deliberate changes in electric load profiles in order to 
lower tariff costs and grid stress, can be achieved through the application of a 
variety of techniques, including: (i) direct-load control technique in which a 
utility operator remotely controls customers’ electrical equipment (e.g., 
heating and cooling loads) on short notice to reduce peak load (Ramanathan, 
2008); (ii) load limiter technique in which the customer agrees to react to peak 
load by limiting their total electricity consumption; (iii) price-based 
(Meinrenken, 2019). 
In another article, the author presents a home electricity monitoring system 
using wireless sensor networks to help residents save and manage their 
consumption. The system measures the electricity consumption of each 
connected appliance and sends the data wirelessly, which is then displayed to 
the residents in different trend charts. The authors experimented with the 
system's electricity -saving efficiency and accuracy and found that visualizing 
electricity utilization can lead to a 20-40% reduction in electricity 
consumption in the residential sector (Shafique, 2018). Another effective 
approach is the consumption of Energy Storage Systems (ESS) for peak 
shaving (Uddin, 2018). Reducing peak electricity demand in a building can 
reduce electricity expenses for the building owner and company and 
contribute to the efficiency and reliability of the electrical electricity grid 
(Winstead, 2020). 
Author in his article, explains that building automation systems can optimize 
electricity consumption by automatically decreasing the consumption and 
smoothing daytime demand, but they only consume thermal storage, not 
electricity storage. This article investigates whether thermal and electrical 
storage can lead to higher costs, decrease peak demand, and whether it can be 
done in real-time for a standard office building, battery technology, and tariff 
structure (Meinrenken, 2019). 
The office buildings, already in the early morning hours before occupants 
arrive, essentially consume the thermal energy storage provided by the 
building’s envelope and inner structure. Load management can also be 
achieved by strategically dispatching on-site electricity storage (Zheng, 
2014). 
Geun-Cheol Lee, in his article, considers the daily peak load forecasting 
problem in South Korea. The overall electricity demand needs to be predicted 
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daily; therefore, an enormous economic advantage can be acquired using a 
forecasting strategy that can decrease variations between actual electricity 
demands and forecasts (Lee, 2022). 
Load forecasting is commonly classified into four classifications based on the 
timeframe of the forecast (Kuster, 2017): 

1. Very Short-Term (less than an hour) 
2. Short-Term (one-hour to several days) 
3. Mid-Term (one month to a season) 
4. Long-Term (a year or more)  

Regardless, some analyses have considered predictions for one hour, one day, 
and one year; that is, short-term and long-term load forecasting has been the 
main conditions of the corporation (Lee, 2022). 
Lee in his article has mentioned that a country's changing weather is a 
significant factor that influences the electricity’s load. However, the seasonal 
production already exhibits the effects of weather changes. A weather impact 
is implemented with quantitative and ongoing variables as opposed to a 
seasonal result, which employs fundamental variables. The target area's 
temperature is the most important sort of weather information for load 
forecasting. The relationship between the peak load and the temperature 
differs according to the season. The summer pattern demonstrates that the 
peak load decreases as the temperature rises in summer. In contrast, the winter 
pattern indicates that the peak load increased as the temperature decreased in 
winter (Lee, 2022). 
In other article, Yinxue et al. (2020) describe the regularity of electricity 
consumption in an office building, mainly between 8:00-20:00 on weekdays. 
HVAC and heat pump systems are the most significant contributors to the 
building's load. These systems have a high potential for regulation without 
considerable safety hazards. The article also explains the division of the load 
into adjustable and non-adjustable categories, with the adjustable load further 
divided into rigid and flexible types based on control mode and entry-into-
force time (Yuan Yinxue, 2020). 
A heat pump is a device that can heat or cool a building by moving heat 
around. Peak load shaving is used to cool the building during off-peak hours 
when electricity is cheaper. It also stores thermal energy (TESS) for later 
consumption during peak hours, reducing the building's cooling needs. 
Combining the heat pump with an energy storage system (ESS) and other 
building systems shifts energy demand from peak to off-peak hours, cutting 
electricity consumption during peak times (Danish S. A., 2020). 
Moreover, it describes developing an automated demand response 
management system for Jinan, Shandong Province office buildings. The 
system connects HVAC and lighting systems, smart meters, and sensors to a 
platform that collects real-time data on device status and electricity 
consumption. The platform allows for visual displays of various application 
services on a website and enables comparative analysis of building electricity 
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consumption. The system provides statistics and evaluations on the demand 
response of all historical performance, which are displayed as charts to 
optimize the response strategy (Yuan Yinxue, 2020). 
In another article, (Steinfeld, 2011) expresses that an analysis of peak 
electricity demand in a sample of Sydney office buildings found that HVAC 
accounted for 57% of peak demand. In contrast, lighting, office equipment, 
and elevators contributed 19%, 12%, and 8% of peak demand. This study 
shows that using some saving techniques and managing electricity demand in 
office buildings can have advantages. These techniques can help avoid 
expensive network upgrades and decrease greenhouse gas emissions by 
consuming less electricity during busy times. However, there are obstacles 
like costly initial costs, a long time to recover the investment, conflicting 
interests between building owners and tenants, and low priority to improving 
electricity efficiency. These obstacles make it harder for electricity efficiency 
programs (Steinfeld, 2011). 
On the other hand, one of the consumers affecting the peak load of the 
electricity consumption in the buildings is charging electric vehicles. Nguyen 
argues that the charging strategies suggested for electric vehicles (EVs) focus 
on controlling charging electricity through on/off or modulation methods. 
They divide the daytime into intervals and combine binary linear 
programming and the bisection scheme to create a charging schedule. These 
strategies serve two primary purposes: first, they help decrease peak load 
during the day, and second, they ensure that charging electricity stays within 
a certain limit during specific times (Nguyen, 2014). 
As revealed in different articles, the proposed coordination scheme shifts or 
distributes the EV charging load to the off-peak period by controlling the 
charging actions of many EVs. Based on coordination objectives, the charging 
operation center (COC) schedules several EVs for each time slot. By 
exploiting the time flexibility of EVs, the scheme effectively shifts or 
distributes EV charging load to the off-peak period while achieving economic 
benefits (Jang, 2020). The effective integration of electric vehicle (EV) 
charging infrastructure can play a crucial role in reducing the peak load of 
electricity. By strategically scheduling and managing car charging, leveraging 
these distributed energy resources to reduce peak demand improves the 
balance between electricity demand and consumption. 
After expressing the previous literature reviews, it shows that implementing 
smart controlling systems is essential and can have several potential benefits, 
including: 
1. Improved electricity efficiency: smart building control systems can 
significantly reduce electricity consumption by optimizing HVAC systems 
and adjusting indoor climate conditions based on user preferences over time.  
2. Enhanced thermal comfort: Intelligent building control systems can 
maintain optimal thermal comfort levels for occupants, increasing 
productivity and well-being.  
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3. Cost savings: Intelligent building control systems can significantly save 
electricity bills by reducing electricity consumption. 
4. Increased automation: Intelligent building control systems can automate 
various tasks, such as adjusting temperature and ventilation, saving time and 
effort for building occupants (Halhoul Merabet, 2021). 
5. rescheduling the time of the using facilities: rescheduling the car chargers 
and heat pumps during the day in order to reduce the peak load.   
In the end, Braun and his colleagues argued about two load-shifting methods 
for reducing load consumption: one is the traditional night setup, where the 
building cools down at night and warms up during the day. The other is a 
simple precooling strategy, which cools the building before the occupied 
period to reduce the cooling load during the day (Braun,2002). Upon 
analyzing the results, we can use these methods as preheating to shift the peak 
loads at other times.
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3 Case Study 
This section focuses on explaining the AirSon company, which is chosen as 
a case study, discussing the concept of a case study, and describing the 
method and tools used in this thesis. It also introduces the parameters and 
factors considered in the study, along with evaluating the procedure for 
analyzing data obtained from various sources within the company. 
3.1 AirSon Company as a Case Study 
AirSon is located in Sweden, or more precisely, in Ängelholm. Energy 
engineering is this company's primary area of expertise. This study aims to 
understand the peak hours of electricity consumption or demand in this 
company during working hours and find some new way to reduce or manage 
the electricity demands in their office buildings. 
Research and development have always been a component of AirSon's 
culture. AirSon has developed its unique technology platform, "Temperature 
controlled Laminar Airflow" (TLA), and created several individual 
applications at their Air Labs in Ängelholm. The company Airsonett offered 
a medical device for treating allergic asthma and eczema at home 
recommended by the Swedish associations Socialstyrelsen and 
Barnläkarföreningen and included in the Swedish Läkemedelsverkets 
guidelines for asthma treatment. Avidicare's "Opragon" is an advanced 
surgical theater ventilation solution that achieves ultra-clean conditions using 
less energy than standard laminar airflow systems. 
They are fascinated by innovative and engaging concepts in digitalization, 
energy management, and efficiency in the air. It will assist in satisfying 
demand and enhance their capacity to design upcoming energy systems. They 
are working on technologies, including local electricity production, virtual 
electricity plants, intelligent energy flow, and sustainable power generation. 
They hope to work with their clients to solve current energy and 
environmental concerns ( https://www.airson.se ). 
This study pursues electricity consumption in the AirSon company's office 
building and two other buildings in Ängelholm. It specifically looks at peak 
consumption loads, considering the time of day, week, seasons, and 
temperature. The purpose is to determine how it is possible to reduce the peak 
load in this company.  
The data set used in this study was provided by an access link from Efergy 
Electrical Meters (https://engage.efergy.com/) and the CTEK access link 
(https://airson.oamportal.com/) for the AirSon. It was derived from intelligent 
meter readings for three buildings named CAT, HQ, and Avector and a 
measurement for car chargers ( https://www.airson.se ). Figure 1 shows the 
location of the Airson’s buildings in the company’s area.  

https://www.airson.se/
https://www.airson.se/
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Figure 1: location of AirSon’s buildings in Google map 

 
3.2 Identifying AirSon Problem  
The company faces a significant challenge: sometimes, in office buildings, 
electricity consumption is high, so the peak load happens during working 
hours, which may incur extra charges for electricity subscription costs and the 
economy of the company. To solve these problems and save the electricity 
subscription cost for this company, it is crucial to understand when these peak 
loads occur throughout the year, month, and day. By figuring out exactly 
when electricity consumption goes beyond above the company’s contract and 
the main capacity, it can take specific steps to prevent overload. Knowing the 
data can avoid problems and improve the overall efficiency and reliability of 
the office building's electrical system. Studying the timing of peak loads is a 
crucial part of this case study, providing valuable insights and strategies for 
better electrical management. 
While electricity consumption is affected by factors like outdoor and indoor 
temperature and building insulation, this thesis will focus on the specific 
influence of outdoor temperature. Furthermore, particular consumers, such as 
car chargers and heat pumps, can increase peak loads during specific times. 
The following will summarize the process of gathering and analyzing the data 
for the study. 
3.3 Method  
The research process is proposed, including the research procedure that 
describes the attributes of our study, such as quantitative research, case study 
selection, data collection, data analysis, and determination of the quality of 
the investigation. Quantitative research is a strategy emphasizing 
quantification in data collection and analysis. This method uses logic to test 
hypotheses rather than just assuming, and it observes the rules and concepts 
of natural science and positivism. Also, it sees social reality as something that 
exists independently and can be studied objectively (Bryman, 2011). 

AirSon HQ 

 

Avector 

AirSon CAT 
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This study follows a structured methodology with five main phases: 
1. Reviewing the literature,  
2. Conducting a case study, 
3. Analyzing and assessing the case study, 
4. Present results  
5. Provide suggestions and discussion.  
Each phase involves specific tasks performed in a step-by-step order, and the 
goals of each step are explained below. 
The literature review explores articles addressing various aspects of reducing 
electricity peak loads and offers related suggestions. It begins by explaining 
the rationale for reducing electricity consumption, emphasizing the growing 
needs and the significance of addressing this issue in buildings, particularly 
office buildings. The section further discusses strategies, such as handling 
stress during peak loads. It touches on the role of other facilities and car 
chargers in reducing peak load while briefly addressing electricity 
consumption performance and enhancing building electricity efficiency. 
In the next part, the AirSon company is introduced, the concept of a case study 
is explained, and the tools and methods employed in this thesis are addressed. 
The elements considered in the study, such as parameters and factors, are also 
mentioned, along with the procedure for analyzing data obtained from various 
sources within the company. The data analysis is simple and follows a 
thematic approach, meaning we are searching for patterns and themes in the 
data with Excel software. Time series data has been collected for one office 
building and two other buildings in AirSon company to study daily electricity 
consumption patterns. The resolution in these time series is one hour, giving 
each system 8760 hourly average consumption load values for one year. 
Intuitively, electricity consumption captures the current behavior of every 
building over the year, with hourly variations during the day, changes across 
weekdays, and seasonal differences (Calikus, 2019). 
We go through the data multiple times to include essential aspects. The main 
goal of the analysis is to find the peak load and reduce electricity 
consumption, considering economic and technical factors to offer valuable 
insights for the AirSon company. 
The analysis looks at things that affect electricity use, like temperature, car 
chargers, and heat pumps. Data from three buildings and weather info for 
2022, mainly from different buildings, was collected and analyzed with Excel 
tools. We will understand their effects by comparing electricity consumption 
at various temperatures and heat pump hours. After analyzing the data and 
understanding when the peak load has happened and in which parts, it 
explores strategies such as changing the heat pump schedule and charging 
electric vehicles at peak times.  
Finally, the thesis methodology provides a detailed approach to exploring 
ways to reduce electricity consumption during peak times in office buildings 
by utilizing various data sources, conducting a thematic analysis, and 
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investigating the feasibility of enhancing electricity efficiency and saving 
subscription costs associated with electricity consumption. 
 
3.4 Case Description 
A case study allows researchers to study a real-world situation in-depth. They 
focus on a particular phenomenon or event and examine how it relates to the 
surrounding context. This method is helpful when it needs to be clarified how 
the phenomenon and context are connected. To distinguish it from other 
research methods, we can use the first part of the term "case" (Yin, 2018). 
The fundamental case study thoroughly and thoroughly examines a particular 
instance. It remarks that the intricacy and uniqueness of the case in issue are 
the focus of case study research. The word is most frequently used to connect 
a case study to a specific place, like a workplace or organization (Bryman, 
2011). 
The definition says case studies focus mainly on "decisions" but can also be 
about individuals, organizations, and events. However, more than looking at 
one case is needed to understand case studies as a research method fully. 
There are three questions that people often ask about variations in case 
studies. These questions are: 

- Is it still considered a case study if more than one case is studied 
together? 

- Can quantitative evidence be used in a case study? 
- Can a case study be used for evaluations? (Yin, 2018). 

3.4.1 Data-Driven Framework for Electricity Consumption  
This study aims to provide a data-driven approach that enables the extraction 
of novel, practical knowledge to reasonably comprehend a load of electricity 
consumption. The first stage of this measure is developing an understanding 
of the application field and the appropriate prior knowledge. We use previous 
works to define the problem's fundamental ideas and specify the electricity 
consumption load goals. Following the rest of the stages, it presented the 
overall knowledge discovery process by first introducing the fundamental 
concepts identified using prior knowledge and then describing the details of 
the data-driven approach. Consider the date of the year, the number of hours 
in one day, and the amount of electricity consumed by the abbreviation of kW 
and temperature (t) of the whole days of the year. 
 

3.4.2 Identifying the Parameters  
This investigation's measurement period was from 1 January 2022 to 31 
December 2022. However, because of the need for more data in some of the 
gathering data, four weeks of 2023 were considered and analyzed. The 
electricity meters were installed at each building of AirSon company and 
recorded the hourly data during the one year. The electricity consumption of 
the ultimate consumers is organized into these parts: lighting, electrical 
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sockets, electricity systems, heat pump and air conditioning systems, car 
chargers, etc.  
In the first step, the data is driven from the access links and each measurement 
is scoured, matched as one year in date and hour, then transformed into one 
file, and normalized by the necessary information.  
Electricity load profiles reflect how electricity is consumed in an individual 
building over a year by containing information on changes during the day, 
differences among weekdays, and seasonal variations. Consequently, it is 
crucial to evaluate the shape features of these profiles, i.e., the timing and 
importance of their peaks in the clustering process. 
Data from the measurement of the different buildings has been driven from 
the Efergy portal that was based on the hourly consumption every year, so 
all these data have been gathered in one file to analyze with each other also, 
the temperature has been put on this sheet. 
The HQ building, short for the headquarters building, is the primary office 
under consideration in this analysis. Most of the data comes from this 
building. The other two buildings, Avector and CAT-huse, are smaller than 
the HQ and are not office buildings. 
 

3.4.3 Electricity Consumption Categories, Challenges of Data 
Gathering 

Electricity consumption at the measurement behand of HQ can be split into 
different categories, 
Car chargers,  
Heat pump,  
Ventilation: The standard HVAC is used for cooling, warming, and changing 
the air in office spaces. 
Regular office devices: lights, catering equipment such as refrigerators, 
microwaves, dishwashers, electronic and audiovisual equipment, computers, 
printers, etc. 
The heat pump is one of the most critical devices that can be the primary 
source of electricity consumption. Unfortunately, we do not have much 
information about heat pumps, and we only have data from the main building 
for four weeks of the year 2023. Also, the data obtained from the heat pump 
measuring device are presented every 5 minutes and should be aggregated 
into every hour. Finally, it was decided that according to this information, 
data analysis would be done even in this short time. In this situation, it may 
be a good idea to include the electricity consumption of the heat pump and 
car chargers as the essential loads for changing the time of consumption when 
comparing the loads of other devices at different times. 
Data from the heat pump was for just two weeks in April and May 2023(the 
3rd of April until the 19th of April and the 3rd of May until the 16th of May), 
so there was no related data from the year 2022. Hence, all the data is taken 
from the year 2023. The study should have simulated data because of the need 



22 
 

for more data. It was another challenging part to convert data from every 5 
minutes to every hour. Unfortunately, the data from the heat pump, which is 
a significant part of the electricity consumption, is insufficient and may cause 
trouble in precisely analyzing the data. On the other hand, last year's coldest 
months have passed, and the opportunity to have information about the most 
consuming time of using the heat pump has been lost and should be 
considered. Although the most important part of consumption has been 
considered initially in this study, it is necessary to be satisfied with the 
analysis of other available information.  
In this study, purchasing the correct data for car chargers was hard because, 
from the CTEK access portal, it was possible to take the duration data from 
the car chargers. On the other hand, there was no data for every hour for data-
driven from the car chargers. The data that can be from the access link was 
the starting time of using car chargers and duration time, so there must match 
and distribute this duration every hour in the day to find out the maximum 
time of the day for using car chargers and which day of the week may 
consume more and more. It was just the starting time of charging, duration’s 
time, number of stations, and number of outlets. In the parking spot, five 
stations (1,2,3,7, 8) – 5 and 6 are in the middle of the parking lot. Every station 
has two outlets (1 & 2), so 5x2 = 10; there are ten outlets. 
Further, there is a need for hourly data to match with other data for different 
parts of electricity consumption, so it has been decided that the electricity 
consumption is distributed to the duration time. Then, the data is placed in the 
charging start time hours and divided. However, in this study, it is possible to 
prioritize using car chargers at different times to reduce the peak electricity 
load and prioritize the charging of car-specific pool cars.  
 

3.4.4 Data Problems and Missing Values 
The thesis findings, while intriguing, have limitations due to being a single-
case study and lacking generalizability. A data collection period of at least a 
year, preferably more, is crucial for a comprehensive study on peak shaving, 
capturing seasonal fluctuations. A small dataset poses challenges for in-depth 
analysis and calls for transparency regarding its limitations. Acknowledging 
the need for more extensive datasets in future studies is ethical. The data 
availability for the thesis could have been more optimal, hindering 
concentrated analysis and accurate peak-shaving quantification, a limitation 
that should be explicitly addressed in the report. 
This study has some parts and problems that could be improved in data 
gathering. Sometimes, data values must be included or corrected in the data 
sets. If a single piece of data or some data is missing in a way that influences 
the result, the data has been rebuilt by interpolation. 
For example, the data collection part in the Avector was unavailable in the 
last three months of 2022. The AirSon company said that the device's battery 
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was probably finished, and they did not realize it. Thus, it was a decision to 
take these three months from 2021.  
On the other hand, on some days, some data were wrong and out of mind, like 
2022-09-06 at 5:00, electricity consumption (kW) 999.96, and 2022-09-08 at 
20:00 was electricity consumption (kW) 769.27 while the other number 
around this time are 9.99 or 9,98 so we have considered the average of the 
amount of electricity consumption before and after these data. 
In the car charging section, for example, there is data that it takes 300 hours 
or more to charge a car, but the charging hours of each vehicle are entirely 
different and depend on the type of batteries and other factors. Due to the lack 
of hourly data, the charging hours of each car could not be determined 
correctly. Therefore, it was decided to divide the amount of electricity 
consumed by time. In fact, in this study, dividing the electricity of car 
chargers over time is considered the same for all data. It is evident that 
considering this data for a long time of charging a car is not correct, but 
finding the exact time for charging was not possible. 
In heat pump electricity consumption, grasping the concept of heat is 
paramount, as it directly influences the efficiency and functionality of the heat 
pump. The fundamental operation of heat pumps involves the transfer of heat 
from an external source to the interior of a building. The electricity 
consumption of a heat pump is mainly linked to the energy needed to transfer 
and enhance this heat. Unfortunately, the absence of heat data from the heat 
pump restrains the ability to determine its efficiency and optimize its 
operation. Consequently, conducting a thorough data analysis as a real case 
study to evaluate all components is impossible. On the other hand, as 
mentioned in the previous section, the company provided data on the heat 
pump's electricity consumption for two weeks in April and May 2023. Most 
of the missing data is written in Table 1. 
In conclusion, due to the challenges and limited data availability, it was 
decided to proceed with data analysis in this short timeframe. Considering 
this, it seemed practical to include the electricity consumption of the heat 
pump and car chargers as critical factors in adjusting consumption times when 
comparing loads of other devices at various times. 
 
Table 1: Lack of data in Case Study data gathering 

Variables	 Lack	of	Data	in	year	2022	

Heat	pump	
Hourly	Electricity	consumption	for	the	whole	year	
Hourly	Heat	generated	for	the	whole	year	

Car	charger	 Hourly	Electricity	consumption	for	the	whole	year	
Avector	 Hourly	Electricity	consumption	for	three	months	
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3.4.5  Strategies for Load Management 
As mentioned before, the peak load of electricity consumption in this 
company was an issue in the case study. With the new contract between 
AirSon and Öresundskraft, the maximum Ampere is now 50A. So, all 
electricity consumption calculations must stay below this limit. 
Along these lines, the size of the main fuses in the HQ building and other 
Avector's and AirSon Cat's fuses differ from those shown in Table 1. 
Table 2: fuse size of different buildings 

 Building Size of fuse (Amp) 
1 HQ 50 A 
2 Avector 25 A 
3 AirSon CAT 35 A 

 
Reducing and redistributing the maximum electricity consumption is a viable 
strategy to minimize peak loads. Adjusting the current can adapt the 
electricity output to both base and peak loads in a system offering single-
phase and three-phase capabilities. 
 
For a single-phase system, 230 volts are considered in this formula. 
𝑜𝑛𝑒	𝑝ℎ𝑎𝑠𝑒 ∶ 	𝑃 = 𝐼 × 𝑉 = 50 × 230 = 11.5	𝑘𝑊																												(𝐸𝑞. 1)	

So, this amount of power is the limitation for the load of electricity.  
 
In another formula, the three-phase system considers 400 volts as follows: 
𝑡ℎ𝑟𝑒𝑒	𝑝ℎ𝑎𝑠𝑒: 𝑃 = 𝐼 × 𝑉 × √3 = 50 × 400 × √3 = 34.6 ≅ 35	𝑘𝑊										
																																																																																																																												(𝐸𝑞. 2)	
The above calculation shows that when the load of electricity is near the full 
power is near 35 kWh/h, to reduce the electricity consumption, ampere 
reduction has been considered. 
For instance, considering 40 Amperes instead of 50 will result in a lower full 
load. 
𝑃 = 𝐼 × 𝑉 × √3 = 40 × 400 × √3 = 27.7 ≅ 28	𝑘𝑊																											(𝐸𝑞. 3)	
 
Or 45 Amperes instead of 50 Amperes also will result in a lower full load.  
𝑃 = 𝐼 × 𝑉 × √3 = 45 × 400 × √3 = 31.1 ≅ 31	𝑘𝑊																											(𝐸𝑞. 4)	
 
By considering these calculations, this study considers a base load of 28 kW 
as a reference point for managing the peak load, as illustrated in the 
subsequent figure3-6 in the next chapter. 
 
3.5 Data Analysis of Case Study 
The analysis will examine factors affecting electricity consumption, such as 
temperature, car chargers, and heat pump consumption. It will consider 
strategies like adjusting the heat pump's schedule and electric vehicle 
charging during peak hours. To do this, data was collected from three 
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buildings and weather data for 2022, focusing on the main building (HQ). 
Comparing electricity consumption at different temperatures and heat pump 
hours will reveal their impact. 
The study will also assess the benefits of altering the heat pump's schedule 
and electric vehicle charging, like shifting operation to off-peak hours, for 
cost savings. The analysis will interpret the significance of electricity-saving 
strategies and discuss how these results can improve smart energy 
management. 
Ultimately, the methodological design of this study is focused on optimizing 
electricity consumption on the peak load reduction and purchasing new 
conceptual insight into controlling the consumption of the system to help the 
owners enhance the performance of their company in the short and long term. 
 

3.5.1 Analysis of Office Building Load Electricity in Year 2022  
In the first part of analyzing this study, it is crucial to examine the relationship 
between outdoor temperature and electricity consumption throughout the 
year, daily and hourly. On the other hand, office buildings continuously 
consume electricity on weekdays from 8:00 AM to 8:00 PM. HVAC, office 
equipment, and electricity systems are the primary electricity consumers 
(Xiaoxin Chen, 2016). Around 45% of the load is contributed by HVAC, 
which is responsible mainly for summertime peaks, and the rest is for the 
different building facilities (Yuan Yinxue, 2020). 
Figure 2 presents data from measurements taken at the HQ building, 
revealing a discernible pattern in the heat signature. 
The data obtained from portals reveals a pattern that HQ buildings' primary 
and fundamental electric consumption load is approximately 5kWh/h, as 
evident from the charts below. 
Heat signature is known as a specific heat pattern that is delivered by an object 
or system. Changes in temperature, insulation, heat sources, and materials all 
impact it. Understanding a heat signature enables the detection of 
inefficiencies and odd temperature trends, among other things. The data can 
then be used to reduce electricity consumption, enhance functionality, 
identify flaws or issues, and enhance overall operation. Understanding 
heating processes by studying heat signatures enables wise electricity 
consumption and maintenance decisions. This information allows for more 
effective maintenance plans and electricity management. This chart illustrates 
the correlation pattern between temperature and electricity consumption, 
highlighting certain peak hours where the electricity exceeds 28 kWh/h, as 
calculated in the preceding section (3.5.5.). 
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Figure 2: The pattern of heat signature  

In the following and as was previously stated, data analysis is based on the 
peak load of electricity, which the company should or wants to minimize due 
to various concepts and objectives that it mentioned in the literature review 
and case study problems in the section (2.2.) & (3.3.).  
The previous part mentioned (2.2.3.) that decreasing the electricity 
consumption is possible by reducing the current, which can be helpful during 
peak demand or in conserving electricity and preventing damage. It also 
improves electrical system performance. However, it is critical to consider 
potential issues that reduced current might cause in specific equipment. In the 
previous part (3.5.5.), it was mentioned and calculated that decreasing the 
electricity consumption is possible by reducing the current. The chart below 
shows the correlation between days in the year and loads by sorting from 
highest to lowest loads. The peak loads of the HQ building were shown hourly 
throughout the year, as shown in Figure 3. This chart shows that at around 
500 hours a year, the electricity load is more than the capacity of the power, 
which causes peak load. 

 
Figure 3: The correlation between outdoor temperature and peak loads in HQ 
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As mentioned earlier (3.5.5.), lowering the electricity load to 28 kWh/h (Eq.3) 
is beneficial for minimizing the peak load. This can be accomplished by 
shifting the loads to different hours, compensating for the reduced 
consumption. The red line in the top chart illustrates this approach. 
Implementing this simple strategy of adjusting the time and distributing the 
load across various hours can help reduce the peak loads. By examining the 
chart and data, it becomes apparent that it might be feasible to maintain the 
load at around 28 kWh/h. However, the timing of the peak load will change, 
particularly during approximately 1000 hours. 

The following two charts, Figures 4 and 5, also show the electricity 
consumption of the months during the whole year but monthly and daily. The 
red line in this chart shows the number of 28 kWh/h (Eq.3) and approximately 
visually the days in the year in which months the peak loads have happened, 
which is more than this number. This chart may help to understand in which 
months the peak load was happening more. Figure 5 indicates that during 
November, one of the coldest months, the electricity load surpassed the red 
line and 28 kWh/h (Eq.3) for over 12 days. The final chart, Figure 6 on the 
following page, highlights those two days in November that experienced the 
highest consumption and peak load in a day. This allows us to analyze the 
hourly consumption pattern for that particular day. By examining the peak 
load times, it was observed that on the 21st of November, between 9-17, and 
on the 23rd of November, between 9-14, these peak load occurrences took 
place during the working days. These days have been identified as having 
significant electricity consumption, and their hourly consumption graph is 
analyzed in detail. Some days have long periods of high electricity 
consumption during working hours, while others have shorter peak hours. 
This indicates that adjusting our consumption strategies can shift peak hours' 
timing and improve electricity efficiency. 

 
Figure 4: The correlation between electricity consumption and the number of days in a year 
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Figure 5: The maximum electricity consumption in November based on hours and days. 

 
 Figure 6: The maximum electricity consumption data for each hour over two days in November. 

By examining Figure 6, we can identify that the peak load can be reduced by 
elevating consumption in the hours preceding the peak, turning off for the 
subsequent hours, restarting, and then utilizing them in the following hours. 
 

3.5.2 Analyzing Data with Considering Heat Pump  
As mentioned before in the literature review (2.2.4) as a description and 
In section (3.5.3.), we have data on the heat pump for two distinct weeks, one 
from April 3rd, 2023, at 11:00 to April 19th, 2023, at 14:00. The other from 
May 3rd, 2023, at 14:00 to May 16th, 2023, at 13:00. Figure 7 shows a 
correlation between lower temperatures and increased heat pump 
consumption, indicated by red and blue lines ranging from 0.5 to 2.5 kWh/h 
at its peak. However, specific examples of high consumption hours do not 
align with temperature variations (depicted by the blue line), particularly 
during midnight, as illustrated in the subsequent chart. Also, Figure Appendix 
A.3 demonstrates that as the temperature increases, total consumption 
decreases. As mentioned, the data from the heat pump has been gathered from 
2023. These weeks are crucial for analysis because they provide a complete 
picture of all consumption across all areas. The research is divided into four 
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weeks to delve into the data more thoroughly, allowing us to examine 
individual days and hours in detail. 

 
Figure 7: Analyzing Heat electricity Consumption Across Temperature Variations 

3.5.3 First Week and Second of the April (3/4/2023- 19/4/2023)  
By observing the evaluated charts, it is evident that the heat pump exhibits 
higher electricity consumption during nighttime, early morning, and colder 
days. However, it is essential to note that most of these days, the temperature 
remained moderate, resulting in an overall average consumption. Figure 8 
provides a more detailed view of the relationship between temperature and 
consumption over approximately two weeks. 

 
Figure 8: Correlation between temperature and heat pump consumption (first week of April) 

These graphs, Figures 8 and 9, show that heat pumps consume the most 
electricity when it's cold or at night—their electricity consumption drops as 
the temperature increases, though not by a lot. On average, the heat pump 
consumes between 1.7 and 2.5 kWh/h. Figure 9 shows the correlation 
between the average heat pump consumption and the daily outdoor 
temperature. This thesis studies these patterns to find better ways to use heat 
pumps effectively and efficiently. 
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Figure 9: Correlation between temperature and heat pump consumption on 7th of the April (low 
temperature) 

However, the total electricity consumption for this week varies, as illustrated 
in the figure Appendix B.2, with the highest consumption occurring on April 
5th. 
Figure 10 can quickly identify the hours with the highest electricity 
consumption on that day. It is a Wednesday, a typical workday. Consumption 
rises from 7 AM to noon, gradually declining until 4 or 5 PM. Therefore, on 
the 5th of April, the total consumption went around 34 kWh/h, exceeding the 
considered maximum electricity consumption of 28 kWh/h. To address this 
excess of 6 kWh/h above the peak load, it is necessary to implement strategies 
for reducing this additional electricity consumption. Illustrating insights from 
the literature review (2.2.) and (2.2.1) and incorporating the concept of a 28-
kWh/h maximum electricity load (indicated by the red line), examining the 
hours reveals a potential strategy. 

 
Figure 10: Hourly total electricity consumption in 5th of April 

This involves consuming a portion of the electricity consumption during 
midnight, temporarily shutting down facilities like the heat pump and car 
chargers from 9-11, restarting them for one or two hours, and then shutting 
them down again. Through this approach, it may be possible to decrease the 
load from the (blue line) to the (green line), which is shown to be under 28- 
kWh/h. 
In a different view, figure 11, we can display the proportion of each section, 
making it easy to identify the parts with the highest consumption. On April 
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5th, the HQ building had the highest consumption, followed by the car 
chargers. The overall electricity consumption is low during the weekend 
(April 8-9). However, there is approximately the same consumption in every 
section except the car chargers, and once again, it is shown in the following 
charts that the HQ has the highest consumption. We could manage the car 
charging time and change the peak load hours.  
 

 
Figure 11: Visualizing in another view of Average electricity Consumption in different parts(3rd-
10th) April. 

 

 

Figure 12: electricity Consumption for Various Measurements throughout 24 Hours on April 5th 

Figure 12 shows that electricity consumption in HQ is highest during working 
hours, while Cat Huset, Avector, and Heat pump have relatively stable 
consumption with slight increases during working hours. However, HQ has 
peak loads from 8 in the morning, 12, and 15 to 18 in the afternoon. 
Additionally, the car charger experiences significant fluctuations from 9 to 15 
before gradually decreasing after 18. However, there is approximately the 
same consumption in every section except the car chargers, and once again, 
it is shown in the following charts that the HQ has the highest consumption. 
We could manage the car charging time and change the peak load hours. 
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3.5.4 First and Second Week of the May (03/05/2023- 16/05/2023)  

The additional heat pump data comes from roughly two weeks in May, 
from May 3rd to May 16th, 2023. Figure 13 shows the relationship between 
temperature and heat pump consumption. The consumption is relatively low, 
with the highest on May 6th (a Saturday). Figure 14, displays the 
24-hour average consumption reveals that consumption increases after 
midnight and continues until 3:00 PM. 

 
Figure 13: Correlation between temperature and heat pump consumption (First week of May) 

 
Figure 14: Correlation between temperature and heat pump consumption on 6th of the May 

I In contrast, the highest electricity consumption during the first week 
occurred on May 5th (Friday), the last working day of the week. Figure 
Appendix D.2 and 15 shows this consumption over 24 hours, indicating a 
steady increase from 8 AM to 6 PM, with slight fluctuations at 11 AM and 1 
PM. On the 5th of May, the total consumption was approximately 36 kWh/h, 
reaching the considered maximum electricity consumption of 28 kWh/h —
this excess of 8 kWh/h above the peak load needs implementing strategies to 
reduce this additional electricity consumption. Analyzing the total electricity 
consumption chart alongside the following individual consumption charts 
allows for a comprehensive evaluation. This assessment helps identify areas 
that could be effectively managed and temporarily reduced. 
So, by taking insights from the literature review (2.2.) and (2.2.1) and 
considering the 28- kWh/h maximum electricity load (highlighted by the red 
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line), an examination of the hours reveals a potential strategy. Initially, 
consuming the electricity load in the early morning is suggested. 

 
Figure 15: Hourly total electricity consumption in 5th of May 

However, there is observed fluctuation during working hours on the specific 
day studied. Therefore, an effective strategy involves: 

• reducing the consumption of car chargers or heat pumps by starting 
them temporarily from 5-8, 

• shutting down some facilities like heat pump from 8-11, 
• restarting them for one or two hours and shutting them down again.  

 Through this approach, it might be possible to decrease the load from the 
(blue line) to the (green line in Figure 15. This assessment helps identify areas 
that could be effectively managed and temporarily reduced. 
In the following two charts, Figures 16 and 17, you can see the average daily 
consumption. The HQ consistently has the highest daily consumption, 
especially on May 5th. The car charger’s consumption spiked significantly on 
May 3rd (Wednesday), while other consumption levels remained relatively 
stable. 
The last chart illustrates electricity consumption over 24 hours. Consumption 
increases at 7 AM, peaks at 5 PM, and sharply decreases. There is also a 
noticeable fluctuation between 12 PM and 1 PM. 

 
Figure 16: Visualizing in another view of Average electricity Consumption in different parts (3-9 
May) 
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Figure 17: electricity Consumption for Various Measurements throughout 24 Hours on 5th of May 

The other charts measuring the HQ building show a peak load from 8 AM 
until about 5 PM, slightly decreasing around 12-1 PM. The heat pump and 
other parts worked smoothly without significant fluctuations on this day. On 
the contrary, the red line indicates that the cumulative load over 24 hours 
should not surpass 28 kWh/h. Therefore, effectively managing the peak load 
during the working hours is crucial. 
3.6 Overall, Every Two Weeks  
Figures 18 and 19 show the average electricity consumption of the different 
parts of electricity consumption in April and May because of the data from 
the heat pump we have during this time. By considering the literature review 
and this section, it is remarkable that different strategies should manage 
electricity consumption during working hours.  
In these pictures, it is possible to distinguish the portion of daily consumption 
in every part visually. As mentioned, previous, in April and May, the 
temperature was moderate and weather was not so cold or so warm thus, the 
electricity consumption of heat pump is not so critical, but car chargers and 
the amount of consumption of Avector and Cat-huset building are excluded, 
overall demand for HQ is the most significant part of this consumption. It 
should reduce the electricity consumption to less than 28 kWh/h to solve the 
problem of the case study. 

 
Figure 18: Visualizing Average electricity Consumption by Component in April 
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Figure 19: Visualizing Average electricity Consumption by Component in May 

 
Figures Appendix E.1-E.7 in the appendixes display data from the second 
week of May.  
 

4 Results  
In this section, the results of the study are presented. The AirSon company 
faced a challenge as the office building's electricity usage tends to be high, 
leading to peak loads during working hours. This heightened demand can 
result in additional charges for electricity subscription costs. This section 
focuses on strategies to reduce the peak load, which not only helps mitigate 
the risk of extra charges but also contributes to lowering overall subscription 
costs for the company. Despite having a BMS system, the data extracted from 
it posed challenges for analysis. A comprehensive understanding of high 
electricity consumption periods was necessary to address this issue 
effectively, considering variations throughout the year, month, and day. 
Consequently, actual data from the company's portal was utilized in this study 
to analyze the timing of peak loads and evaluate potential strategies.  
This thesis analyzed electricity consumption patterns through the utilization 
of various charts. Drawing insights from the literature review (2.2.) and the 
experiences shared by other authors, the study explored data and charts to 
comprehend the influence of heat pumps, car chargers, and other consumers 
on electricity consumption within an office building. The primary focus was 
on pinpointing peak load times. Furthermore, special attention was dedicated 
to ensuring that electricity consumption did not surpass 28 kWh/h, a critical 
measure for controlling the load under the subscription cost for the company. 
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Table 3: Excessive electricity Consumption on Working Days 

Working Day Total Consumption 
(kWh/h) 

Maximum 
(kWh/h) 

Excess  
(kWh/h) 

5th April (2023) 35 28 7 

5th May (2023) 34 28 6 
21rd  November 

(2022) 36 28 8 

23rd  November 
(2022) 34 28 6 

  
Reviewing the previous section and the table above shows that an excessive 
electricity consumption load during working hours needs management and 
reduction. The initial wise suggestion is to minimize load consumption within 
the office building because the most electricity consumption is related to the 
HQ building. Another option is to shift the load from peak hours to other 
times, thereby reducing the peak load. Considering Table 2, it is evident that 
around 6-8 kWh/h are excess loads, and the shifting of this amount should be 
implemented. This involves electricity consumption like the heat pump and 
car chargers in the early morning (before work starts), at first setting the 
priorities for charging the cars out of the peaking loads and temporarily 
turning off heat pumps in the initial hours of the working day, restarting it for 
one or two hours, and then shutting them down again while simultaneously 
controlling the outside and inside temperatures. Implementing this strategy 
could decrease the peak load to below the specified amount. The table and 
charts below summarize three strategies analyzed on sample days, such as 
April 5th, which effectively manage heat pump and car charger consumption, 
presenting their practicality. 
Table 4: Daily Consumption suggestion of Three Strategies for Heat Pump and Car Chargers 

 Strategy 1 Strategy 2 Strategy 3 

Time of Day 

Decreasing 
 5-10 kWh/h  
Car Chargers 

from 9:00-12:00 

Decreasing 
 5-10 kWh/h  
Car Chargers 

from 9:00-12:00 

Decreasing 
 5-10 kWh/h  
Car Chargers 

from 9:00-12:00 

Schedule 
using 

temporarily 
of 

Heat Pump 

1:00-3:00 
AM Off  Off Off 

4:00 AM On 1 hr Off 1 hr On 1 hr 
5:00 AM On 1 hr On 1 hr 

On 1 hr 
Off 1 hr 
Off 1 hr 6:00 AM Off 1 hr 

7:00 AM On 1 hr Off 1 hr 
Off 1 hr 

On 1 hr 
8:00 AM	 Off 1 hr	 Off 1 hr	

Off 1 hr	9:00 AM	 On 1 hr	 On 1 hr	
On 1 hr	10:00 AM	 Off 1 hr	 On 1 hr	

11:00 AM	 On 1 hr	 Off 1 hr	
Off 1 hr	

Off 1 hr	
Off 1 hr	12:00 PM	 Off 1 hr	

... ...	 ...	 ...	
 7:00-12:0 

PM Off 	 Off 	 Off 	
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figure20: Hourly electricity Consumption for Heat Pump and Car Chargers Across Three Strategies 
 

 
figure21: Comparative Visualization of Electricity Consumption Reduction Strategies for Heat Pump 
and Car Chargers (5th of the April) 
 
Ultimately, previous figures demonstrate strategies for shaving loads and 
reducing electricity consumption, contributing to savings in electricity 
subscription costs for company. 
On the other hand, a notable observation is the fluctuation in total electricity 
consumption, particularly during peak periods on certain weekdays. These 
peak consumptions coincide with typical work hours, starting at 7 AM and 
gradually declining by 4 or 5 PM. The overlap of work hours and car charger 
consumption contributes significantly to these peaks. The HQ building 
consistently consumes the most electricity even though it is outside working 
hours, followed by the car chargers. This analysis presents an opportunity to 
manage car charging times to shift peak load hours. Analyzing consumption 
patterns, HQ experiences peaks during working hours, particularly from 8 
AM to 12 PM, with a secondary increase around 6 PM. Car chargers exhibit 
significant fluctuations from 9 AM to 3 PM. These findings provide valuable 
insights for understanding electricity consumption patterns and optimizing 
their management. 
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5 Conclusion and Discussion 
In conclusion, the analysis provides insights into electricity consumption 
patterns and potential electricity-saving strategies for office buildings. Also, 
it examines electricity consumption patterns during weekdays, weekends, and 
after working hours, identifying specific periods of higher activity or 
consumption. 
The findings from this analysis carry significant implications for electricity 
management and can provide some insights for reducing electricity 
consumption and enhancing efficiency not only in the studied office building 
but also in similar facilities. It is essential to interpret and discuss the 
significance of various electricity-saving strategies and their potential impact 
on electricity management. Below are practical suggestions that the AirSon 
company may consider implementing to reduce electricity subscription costs. 
5.1 Suggestions For Enhanced Efficiency at AirSon  

The assessment has recommended modifying the peak load based on a 
thorough review and analysis of the charts, delivering insights for potential 
improvement of electricity consumption within the AirSon company. 
1. Manage and adapt the consumption of devices by avoiding their 
simultaneous consumption.  
2. Optimize the heat pump's operation by starting it earlier than the 
previous peak time and occasionally pausing it using a smart control 
system with temperature data. Two load-shifting methods are suggested: 
one involves preheating at night or before peak loads to meet increased 
demand. The other is a simple precooling strategy, which cools the 
building before people arrive to reduce cooling needs during the day. In 
warm seasons, precooling can be implemented so that during peak load 
times, the heat pump and HVAC system can be turned off, which causes 
electricity savings. 
3. Upgrading and optimizing the HVAC system 
4. Improving the building management system (BMS): It helps pinpoint 
areas where energy is wasted and allows adjustments to reduce electricity 
consumption by controlling temperature and humidity. AirSon company 
already has a Building Management System (BMS) that only 
comprehensively analyzes some data. While it does measure temperature 
and electricity consumption, optimizing how we use this data is essential. 
 5. Demand-side management (DSM) involves influencing customers to 
balance their electricity consumption with the generation capacity of the 
electricity supply system. DSM programs can include electricity efficiency 
measures and demand response (DR) programs, which encourage 
customers to adjust their electricity consumption in response to price or 
system reliability changes.  
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 6. Using Energy Storage Systems (ESS) and Battery Energy Storage 
Systems (BESS): Using these two Systems is promising to reduce peak 
electricity demand, resulting in decreased electricity costs for building 
owners and companies. This enhances electrical grid efficiency and 
reliability and reduces peak electricity charges on electricity bills. 
Additionally, it contributes to a more predictable load profile and alleviates 
stress on the electric grid system for operators like Öresundskraft. BESS 
stores surplus electricity during periods of low demand and releases it 
during high-demand times, effectively alleviating the load on the 
electricity grid. 
7. Eventually, car chargers significantly contribute to the peak load during 
working hours throughout the week. Nevertheless, it is possible to 
effectively reduce this peak load by implementing strategies such as 
prioritization, adjusting schedules, and rescheduling car charging. The 
study also highlights the importance of charging electric vehicle batteries 
during off-peak hours and utilizing EV battery capacity to help balance the 
grid's load during peak demand.  
The suggestions mentioned earlier are presented in Figure 22. 

 
Figure 22: Some insights for potential improvement of electricity consumption 

5.2 Future suggestion for AirSon and Office Building Efficiency 
Reducing the peak load of electricity consumption in an office building can 
be achieved through the following methods, which may not be feasible to 
implement now in this company but could be considered for future 
implementation in this company or others: 
1. Use of electricity-efficient lighting: Replacing traditional lighting with 
electricity-efficient LED lighting can help reduce electricity consumption and 
peak load. Save electricity using advanced features like scheduling equipment 
operations, adjusting lighting based on occupancy, and integrating renewable 
energy sources, for example, future solar panels. 

Avoiding simultaneous consumption of electric devices. 

Run time management of Heat Pump 

Run time management of HVAC systems

Prioritization, adjusting schedules, and rescheduling car charging

Improving the energy management system (BMS)

Demand-Side Management (DSM) 

Energy Storage Systems (ESS)& Battery Energy Storage Systems (BESS)
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2. Upgrade infrastructure: Improving the electricity grid infrastructure can 
enhance load distribution, lowering the risk of overloads during peak times. 
While it may incur additional costs, it is cost-effective in the long run. 
3. Install smart charging stations: Smart charging stations can monitor the 
grid's electricity demand and adjust charging speeds to reduce the overall load 
during peak hours. 
4. Increase the number of charging stations: The load on each station can be 
reduced, making it easier to manage peak demand. 
5. Educate EV owners: Education can convince EV owners to charge their 
cars during off-peak hours, reducing the load on the grid during peak hours. 
Combining these strategies can reduce peak load in-car chargers, making it 
easier to manage electricity demand and ensure a reliable and stable 
electricity supply. 
6. Detects faults and issues in the building systems using advanced algorithms 
and analytics, leading to timely repairs and cost savings. 
7. Use anticipating maintenance techniques with data analytics to identify 
patterns and predict equipment failures. 
Implementing these suggestions may require careful planning, budgeting, and 
cooperation with experts in building industrialization and electricity 
management. 
Finally, the summary of the above suggestions is shown in Figure 23: 
 

 
Figure 23: Rest of suggestions for reducing the peak load of electricity consumption. 
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5.3 Limitations and suggestions for future research 
 
The importance of possessing a substantial and full-bodied dataset for 
academic research and thesis projects cannot be overstated. The data's 
quantity and quality significantly impact the depth and dependability of the 
analysis. The availability of a large dataset becomes crucial when looking into 
issues connected to peak shaving in electricity use. 
While the findings of this thesis may be intriguing, they come with inherent 
limitations. As a single-case study, the results provide a thorough exploration 
but need more generalizability characteristics. 
It is best to have a data collection period lasting at least a year if not more, to 
perform an extensive study on peak shaving. An extended timescale is 
necessary to capture the fluctuations in energy use patterns over several 
seasons, meteorological conditions, and operating circumstances. 
When the dataset is small, it can be challenging to reach thorough findings, 
and the analysis's capacity to offer valuable insights may be restricted. 
Consequently, it is transparent and ethical to acknowledge a tiny dataset's 
limits in scholarly research. Researchers can emphasize the need for future 
studies with more extensive datasets to validate and enhance the findings 
related to peak shaving in electricity consumption. 
The data availability for this thesis could have been more optimal. Ideally, 
one-year or multi-year data for electricity consumption is essential. Notably, 
the dataset needed to be more robust for concentrated analysis, and simulating 
the data posed significant challenges. This limitation complicates the accurate 
quantification of peak shaving, which this report should explicitly highlight.
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Abbreviation 
Building Automation and Control System (BACS) 
Building Energy Management System (BEMS) 
Building Management System (BMS) 
Charging Operation Center (COC) 
Demand-Side Management techniques (DSM) 
Energy Storage System (ESS) 
Electric Vehicles (EV) 
Green House Gas (GHG) 
Heating, Ventilation, Air Conditioning (HVAC)  
Head Quarters (HQ) 
Kilowatt-hour (kWh) 
Renewable Energy Sources (RES) 
Temperature-controlled Laminar Airflow (TLA) 
Thermal Energy Storage System (TESS) 
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Appendices 
In this section, the data was filtered to focus on peak loads from 7- 8 a.m. to 
5-6 p.m. on regular days, excluding weekends and holidays. The study 
assumes that the data from 2022 reflects a typical year. It shows that daily 
peak demand is linked to the outside temperature concerning the building's 
setpoint temperature, leading to varying cooling or heating needs. Different 
data may explain the data scatter, as shown in Figure Appendix A.1, which 
represents correlations by month. On the other hand, by looking at the figure 
appendix A.2, we can see electricity consumption during weekdays, with 
different colors for each month. There needs to be a consistent pattern through 
many factors affecting consumption, making it unpredictable. The scatter 
chart shows the highest numbers between 8-9 am and 11-12 pm and another 
peak between 1-2 pm and 3-4 pm, indicating higher activity or consumption 
periods. 
The chart shows the building's electricity consumption during weekends and 
weekdays after 6:00 PM, except for regular activities like lighting and other 
devices. The green line displays a baseline electricity consumption of around 
5 kWh/h without these activities. Additionally, the chart demonstrates that the 
building's consumption rises as outdoor temperatures drop. Moreover, there 
is an evident increase in electricity consumption during late-night hours, 
possibly due to factors like overnight electric vehicle charging. 
 
Appendix A:  

 
Figure A.1: Average of electricity loads based on outdoor temperature on Monday to Friday at 
working hours (7-18) 
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Figure A.2: Average of electricity consumption loads based on outdoor temperature on weekends and 
nights (19-24) and midnights (24-6) 

 

 
Figure A.3: Analyzing total consumption across temperature variations. 
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Appendix B: First week of April (3/4/2023- 19/4/2023) 
 
 The figure appendix B.1 indicates that the heat pump is used in a high load 
from late night until early morning, primarily in May. However, during peak 
consumption times, there doesn't appear to be a clear connection between 
temperature and load. This is evident because high and low temperatures 
coincide with similar peak load levels. 
 

 
Figure B.1 The electricity consumption of the heat pump in the first week of April 

 
the total electricity consumption for this week varies, as illustrated in figure 
appendix B.2, with the highest consumption occurring on April 5th. 
 

 
Figure B.2 Total consumption of electricity in the first week of April 
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Appendix C: Second week of the April (11/4/2023- 19/4/2023)  
 
The figures Appendix C.1-C.7 display data from the second week of April, 
showing that the heat pump is most active during late nights and early 
mornings, decreasing during the daytime as temperatures rise. 
Additionally, these charts illustrate the relationship between average 
temperature and heat pump consumption. Notably, on April 16th, despite 
moderate weekend temperatures, consumption was higher than the rest of the 
week. Analyzing daily consumption patterns, we observed an increase from 
2 AM to 2 PM and a subsequent decrease. By examining overall electricity 
consumption for the week, the highest consumption occurred on April 14th, 
with a rise at the start of the workday and a decline around 4 PM. Further 
investigation into component-specific consumption revealed HQ had the 
highest consumption, followed by the car chargers, with other sections 
remaining stable. On April 14th, a significant fluctuation aligned with the car 
chargers’ activity, potentially influencing overall consumption patterns. 
 

 
Figure C.1: The electricity consumption of the heat pump in the second week of April 

 

 
Figure C.2: Correlation between temperature and heat pump consumption (Second week of April) 
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Figure C.3: Correlation between temperature and heat pump consumption on the 16th of April 

 
 
 

 
Figure C.4: Total consumption of electricity in the Second week of April 

 

 
Figure C.5: Hourly total electricity consumption on the 14th of April 
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Figure C.6: Visualizing in another view of Average electricity consumption in different parts (11-19 
April) 

 
Figure C.7: electricity consumption for Various Measurements throughout 24 Hours on April 14th 
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Appendix D: First week of the May (03/05/2023- 16/05/2023)  
 
The figure appendix D.1 depict the electricity consumption of the heat pump 
during the first week of May and 

 
Figure D.1: The electricity consumption of heat pump in the first week of May 

 

 
Figure D.2: Total consumption of electricity in the first week of the May 
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Appendix E: Second week of May (10/05/2023- 16/05/2023)  
 

 
Figure E.1: The electricity consumption of heat pump in the first week of April 

 
Figure E.2: Correlation between temperature and heat pump consumption (Second week of May) 

 

 
Figure E.3 correlation between temperature and heat pump consumption on 10th of the May 
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Figure E.4 Total consumption of electricity in the Second week of May 

 
Figure E.5 Hourly total electricity consumption in 10th of May 

 

 
Figure E.6 Visualizing in another view of Average electricity consumption in different parts (10-16 
May) 
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Figure E.7 electricity consumption for Various Measurements throughout 24 Hours on 10h of May 
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