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Abstract—This paper proposes an approach to investigate 

building typologies on a selected campus to propose a location-

based energy efficiency and flexibility strategy for campuses to 

provide energy flexibility without compromising educational 

activities. To do so, this paper selects four different typologies 

and conduct an analysis on energy consumption patterns based 

on energy data provided by submeters located throughout the 

campus. Quantitative and qualitative methods in form of 

interviews and surveys were used to understand the consumption 

patterns in each selected type of buildings. Furthermore, the 

potential flexibilities have been evaluated based on the interview 

results and electricity market data. This paper defines the 

buildings intelligence level based on the EU standards EN15232. 

The proposed strategy is based on both the intelligence level and 

the importance level of different building typology. The results 

show that laboratories have the highest importance level with no 

flexibility at all. All other building typologies have flexibility in 

some amount where the canteen is found to have the most 

possibility for energy savings. This paper also finds that the 

chosen classrooms in a newly built building have the highest 

intelligence level, the classrooms in older buildings have the 

lowest intelligent level, and the rest of the building typologies 

have the same level of intelligence and have potentials improving 

the energy efficiency. 

Keywords—Smart campus; building typology; building 

intelligence; energy flexibility; energy efficiency. 

I.  INTRODUCTION

To reduce the effect of global warming, most of the world 
countries joined the Paris agreement (COP21) of December 
2015. The Paris agreement goal is to reduce the CO2 emission 
and to keep the global temperature increase under 2 degrees 
[1]. To achieve the goal, EU has established climate goals for 
2030 to reduce the CO2 emissions by at least 40 percent 
compared with 1990 and having at least 27 percent of energy 
coming from renewables [1]. Denmark has its own goal to have 
at least 50 percent of the energy coming from renewables [2]. 
Furthermore, Denmark has the goal to be independent of fossil 
fuels by 2050 [2]. With the increasing share of fluctuating 
renewable energy resources, 

smart grid technologies are necessary to keep the high 
security of supply. One of these technologies is building 
automation which enables buildings to perform demand-side 

management through Demand Response programs. Therefore, 
university campuses have huge potential for participating 
Demand Response programs due to their large energy 
consumption and installation of building control systems. 
Furthermore, universities in Denmark are requested by the 
government to reduce university budget by 2% each year and 
energy savings become a part of the budget strategies in 
reaching the goal. However, implementation of Demand 
Response is complicated for campuses to do, as it influences 
educational and working activities. Therefore, it is important 
for campuses to investigate feasible strategies to reduce energy 
consumption without compromising ongoing activities on 
campuses. The concept of Smart Campus also plays a key role 
in reducing energy consumption by managing and controlling 
building sections after their needs. 

Therefore, this paper aims to propose a location-based 
energy efficiency and flexibility strategy for smart campuses 
by considering intelligence and importance levels of building 
typologies with the following objectives: 

• Analyzing energy consumption patterns for different
building typologies based on hourly, weekly energy
data.

• Ranking the importance and intelligence levels for
different building typologies based on the EU standard
EN 15232 and data collection.

• Analyzing how the selected campus can participate in
demand response programs with the Nord Pool Spot
electricity wholesale market data.

The methodologies applied in this paper are both 
quantitative and qualitative data collection with students, 
employees, and experts in forms of survey questionnaires, 
personal interviews, and numerical data collection. 
Furthermore, the building’s intelligence level has been 
determined by use of the EU standard EN 15232. 

This paper contributes to the knowledge of general building 
typology analysis and energy flexibility strategies by 
considering intelligence and importance levels. The findings of 
the paper can assist campus facility managers to investigate the 
needs and opportunities for energy performance improvements 
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in order to achieve higher energy flexibility and thereby reduce 
cost. 

The paper is organized as follows. Section II introduces the 
literature in the field of smart campus and the regulating power 
market. Section III describes the methodology used in this 
paper for the analysis of the energy flexibility opportunities. 
Section IV and V presents the chosen campus buildings and 
their typologies and describes the setup of the investigated 
cases and the results. Sections VI and VII discuss and conclude 
the findings of the paper and a suggestion for future work. 

II. RESEARCH BACKGROUND 

A. Smart Campus 

There is no universal definition for the Smart Campus 
concept. Still, a Smart Campus is an intelligent university 
campus with integrated Information and Communication 
Technologies (ICTs), which makes the buildings “smart” [3]. 
Together with a building Energy Management System (EMS), 
the campus’ energy efficiency can improve due to larger 
automation in the energy control. According to [3], an EMS 
should interact with other actors within the Smart Grid 
ecosystem (e.g. Distribution and Transmission System 
Operators, utilities, users, and third-party services), support 
automatic demand response in presence of time-variable 
energy tariffs, and ensure prompt reactions in case of 
emergencies (e.g. faults in the electricity dispatching 
infrastructure). Therefore, a complex telecommunication 
infrastructure is required [3]. An important aspect of the Smart 
Campus concept is automation for energy efficient operation of 
appliances and optimal control of indoor zones [4]. This can be 
obtained by using Internet of Things (IoT) devices to monitor 
and control building systems and appliances. These devices can 
be deployed in different types of buildings (e.g., public and 
private, industrial, institutions, or residential) for the 
automation purpose [4]. 

A smart campus may interact with the power grid according 
to three different paradigms: market-driven, demand response, 
and emergency. In the market-driven scenario, the amount of 
power used from the grid is autonomously decided by the EMS 
depending on the current energy price and limited only by the 
contractual agreements. In the demand response scenario, 
Demand Response Events (DREs) are periodically issued by 
the Distribution System Operators (DSOs). The DREs are 
advertised from 1.5 hours up to one day in advance with 
respect to the beginning of the validity time period. When a 
DRE is received, the EMS evaluates different optimization 
strategies considering the DSOs’ request. After the validity 
time period, DSOs verify which point of deliveries complied 
with DREs’ requests and applies the monetary discount to the 
subscriber’s bill. The emergency scenario enables DSOs to 
control directly the subscriber’s load, bypassing the decisions 
taken by the EMS [3]. Furthermore, [3] uses a mobile app in 
their EMS framework to involve users and enable interaction 
between campus occupants and the EMS, which allows users to 
express their perceived comfort level. 

Due to a university campus’ large energy consumption, 
huge saving potentials can be achieved by turning it into a 

more intelligent campus. Furthermore, a university campus has 
the perfect conditions for establishing a microgrid [5]. Since a 
university campus has different typologies of buildings 
(teaching rooms, labs, study zones, canteen, offices, etc.) an 
understanding of the behavior and consumption patterns for 
different building types is necessary. Decisions about the 
energy usage schedules, therefore, should be taken on the basis 
of prediction models for the energy production patterns of the 
local Renewable Energy Sources (RES) (e.g. according to the 
current weather forecasts) and for the occupancy patterns and 
room temperature of each building. Such models rely on 
weather forecast data and real-time data collection from sensor 
networks deployed within the campus environment to monitor 
the buildings’ occupancy and thermal conditions [3]. 

B. Regulating Power Market 

Energy flexibility is an important factor to match the 
fluctuating power generation from renewables with the 
demand. In the future with more wind energy and other 
renewable energy resources, the need for balancing the 
capacity will be more urgent [6]. There is a potential for energy 
consumers to participate in the regulating power market and 
benefit from this market. In general, large industrial consumers 
can obtain benefits due to their large capacity and potential for 
energy flexibility [7]. Smaller consumers can participate in the 
regulating power market with e.g. heat pumps or electric 
vehicles [8]. In relation to that, the energy consumption at 
campuses, which contain commercial buildings, may be 
possible to participate in the regulating power market with 
monetary gain. 

The largest barriers for activating consumers in the 
regulating power markets are the technical requirements for 
delivering system performance, which is too high and made for 
production units (like the 10 MW minimum bid in the Danish 
regulating market) [9, 10]. Furthermore, as it is right now it is 
expensive to establish system performances because it involves 
a third party (with aggregator function) and use of a special 
management system developed for this. Also, the price 
difference between the regulating power price and the spot 
market price is relatively small, which results in a long payback 
time for the consumers. 

III. METHODOLOGY 

To determine different buildings’ intelligence, this paper 
selects the EU standard EN15232 ‘Energy performance of 
buildings - Impact of Building Automation Control and 
Building Management’ [11] and a state-of-the-art building to 
define building intelligence. The EN15232 is used in this paper 
to define minimum requirements of control, automation, and 
management of buildings. The paper uses the EU standard to 
estimate if the buildings are up-to-date or if there are 
possibilities for improvements. A state-of-the-art building, in 
this case, is a building with the highest level of control, 
automation, and management which is possible by the use of a 
high level of technology. In this paper, the state-of-the-art 
building is used as a reference together with the EU standard 
EN15232 to estimate the other buildings intelligence level. The 
buildings’ intelligence level is used to determine which 
buildings have the possibility of energy saving by upgrading 



different technologies and by increasing the intelligence level 
of the building. 

This paper uses this approach to compare the EU standard 
EN15232 and the state-of-the-art building with different 
buildings. The classifications in TABLE I. are derived from the 
EU standard [11] but only consider technologies relevant to the 
selected campus. The intelligence levels of different building 
sections are ranked accordingly to the intelligence levels of 
technologies ranked by EN15232 and listed in TABLE I. 

TABLE I.  BUILDING TECHNOLOGIES' INTELLIGENCE LEVELS 

Technology Type of control Class 

 

Ventilation 

Humidity control A 

Manual control D 

Demand control A 

 

Lighting 

Manual on/off C 

Automatic detection A 

Manual daylight control C 

Automatic daylight control A 

 
Blind control 

Manual blind control (without 
motor) 

C 

Manual blind control (with 
motor) 

B 

Automatic blind control A 

Building automation Standard monitoring function A 

 

Heating 

Individual room automatic 
control 

B 

Individual room automatic 
control with communication 
between controllers 

A 

 

Besides determining the buildings intelligence level, an 
analysis of their importance level has been conducted in this 
paper. Both qualitative and quantitative data collection in form 
of interviewing and questionnaires with occupants in relation to 
the individual building typology is applied in this paper to 
evaluate and determine their importance level. 

Four building typologies (classroom, laboratory, office, and 
canteen) are selected in this paper to represent the common 
building types on campuses. For the canteen, head of staff and 
head chef are chosen due to their knowledge about appliances 
used in the canteen and the time of day they operate. For the 
offices, two employees with offices in the chosen building 
were interviewed. Moreover, the university’s energy data is 
collected, sorted, and graphically illustrated for the analysis. A 
researcher at the Institute of Biology was interviewed for the 
laboratory building typology. The energy coordinator and 
technical consultant in the university service department were 
interviewed due to their knowledge of the university’s energy 
consumption, agreements with utilities, and future energy 
saving plans, etc. A questionnaire was conducted with students 
who represent the users of classrooms. The questionnaire 
mainly focuses on the students’ energy behavior and 
willingness to reduce or shift it while being on campus. 

IV. CASE STUDY 

This paper selects a university campus as a case study due 
to its size and the available data. The campus locates in 
Denmark. 

A. Building Intelligence & Importance level 

Based on the EU standard EN 15232, the different 
buildings’ intelligence levels can be derived. This research first 
looks into the individual building’s technologies and their 
classification derived from [11]. The buildings’ intelligence 
levels are later ranked in comparison to a newly built building, 
which is considered to have the highest intelligence level on 
campus. Based on the interview with the technical consultant 
that CO2 control, demand control of ventilation, lighting 
control with sensors and daylight incidence have been installed 
in all buildings. 

The building importance levels are determined based on 
how important the energy is for the occupants. For instance, the 
importance level of a building typology is lower if occupants 
are willing to turn partly or totally off the light when the energy 
price is high. TABLE II shows the estimated importance levels 
and they are based on the interviewed occupants’ requirements 
and willingness. TABLE III illustrates the estimated 
importance and intelligence levels of the selected building 
sections based on the earlier described EU standards and the 
findings in TABLE II. 

TABLE II.  IMPORTANCE LEVELS FOR DIFFERENT BUILDING TYPOLOGIES 

BASED ON OCCUPANTS’ REQUIREMENTS 

 Importance 

level 

Occupants’ requirements 

 

Canteen 

 

2 

Coffee machines are warm before 
opening. Kitchen appliances cannot be 
turned off during working hours. 
Refrigerators for beverages should not be 
turned off for more than 4 hours. 

Class-

rooms 

4 
Lighting in the classrooms and power 
plugs cannot be totally turned off. 

Offices 3 
Lighting in the offices and power plugs 
cannot be totally turned off. 

 
Labs 

 
5 

No appliances in the lab can be used for 
flexibility. Appliances which has to be 
turned on at any time when in use: 
ventilation, fume hoods, lighting, pumps 

TABLE III.  INTELLIGENCE LEVELS OF SELECTED BUILDING SECTIONS. 
RATED FROM 0 TO 5, WHERE 5 IS VERY HIGH AND 0 IS VERY LOW 

Building section Intelligence level Important level 

New Intelligent Building   

Laboratories   

Offices   

Classrooms   

Canteen   

V. ENERGY FLEXIBILITY CALCULATION 

The interviewed and surveyed results show that the campus 
buildings chosen to provide energy flexibility to the power grid 
should have low importance level and high intelligence level. 
Based on these results, the two buildings (canteen and offices) 
are considered to be the most suitable for providing energy 
flexibility to the power grid. 



A. Canteen 

The canteen contains all the equipment in the kitchen, food 
store, and sitting area. The canteen is part of the original 
campus building complex, where newer versions of building 
management systems have not yet been installed. The 
consumption and activities in this building are very high and 
there is potential to reduce the energy consumption. The 
importance level of this section is listed as 2 out of 5. 

1) Electricity consumption pattern 
The energy data seen in Fig. 1 shows that the electricity 

consumption pattern for the canteen based on the activities in 
normal working hours. There is a steady off-peak consumption 
at about 12 kWh, which is, according to the head of staff, 
because “Many of our machines need to be turned on all the 
time…”. During the daytime, the energy consumption 
increases which is already from 3 AM because the bakery 
needs to start at 3 AM. In the daytime, the peaks of the energy 
consumption pattern are the morning and around mid-day when 
students and staff have lunch. 

 

Fig. 1.   Electricity consumption pattern for the canteen on Wednesday the 
17th of May 2017. 

 

In the weekends the energy consumption pattern is similar 
to the off-peak hours in the working weeks that has no specific 
peaks unless special events have been scheduled. To get a 
better overview of the total consumption pattern, and whether it 
follows the expected consumption, this research also 
investigates the monthly consumption. The energy data shows 
that the monthly electricity pattern follows the expected pattern 
that has high electricity consumption from Monday to Friday 
and low consumption during weekends. The off-peak 
consumption is due to the machinery turns on all the time. 

Based on the interviewed canteen staffs, it is found that a 
large amount of their machinery is never turned off. For 
instance, refrigerators, coffee machines, and cash registers. One 
of the reasons for not turning them off during the night could 
be that the catering company that manages the canteen does not 
have any incentives to reduce energy consumption. The 
interviewed canteen staffs stated that “Because we do not pay 
the electricity bill ourselves, we do not really look into this.” 
The fact that the canteen, which is one of the most energy 
consuming buildings on campus, does not have any incentives 
to regulate their consumption is a topic of interest. 

The interviewed energy coordinator at the university stated 
that the canteen is a part of the campus in relation to electricity 
and heat. This means that the canteen itself does not pay the 
electricity or heating bills, and the machinery is also lent to 

them for free. According to the interviewed energy coordinator, 
this is because “(…) we want the price of food to be as student-
friendly as possible, and by lowering the catering company’s 
cost, we can reduce the price of food.”. 

2) Load shifting and electricity saving 
The following electric appliances are identified as possible 

load shifting and down-regulating devices based on the 
interviews and literature regarding cash register, coffee 
machine, and refrigerators. Compared to cash registers and 
coffee machine, only refrigerators are chosen to do the load 
shifting since it can keep the temperature for a period when the 
compressor is off. The refrigerators can shift the electricity 
load based on the electricity price. A refrigerator already uses a 
cycle where the compressor turns on and off to keep the right 
temperature in the refrigerator. The calculations are based on 
the following assumptions: 

• There is no electricity consumption when the 
refrigerator compressor is off. 

• The duty cycle of the compressor is 50 % [12], which 
means it is running 20 minutes and off 20 minutes (the 
steady duty cycle is 40 min.). 

• It will run for 40 min. every first hour and 20 min. 
every second hour. 

• The refrigerator has to run the hours it is turned off at 
another time (load shifting). 

• The refrigerator can be turned off in 4 hours without 
any larger effects on the content [13]. 

• A high electricity price is defined as being more 
expensive than 150 % of the average spot price for 
2017 which is calculated to be 1.399 DKK/kWh. 

The 15th of January is chosen because it was at the 
beginning of a semester where the least uncertainties in relation 
to students and employees in the normal routine that the 
consumption pattern analyses are based on. The calculated 
results are shown in TABLE IV.  Fig. 2 shows the consumption 
patterns in relation to the electricity price after load shifting. 

This research also calculates the potential for the down-
regulation. The assumptions as: 

• The hours when appliances have to be turned on are 
two hours before opening until closing time (05.45 to 
16.00). 

• Friday is from 05.45 to 13.30. 

• Saturday it is from 07.00 to 13.30, and there is none on 
Sunday. 

• The coffee machine models are FRANKE A800 [14] 
and Bravilor Bonamat B20 HW- series [15]. 

• Electricity consumption for cash registers is found to 
be 0.04 kWh per unit [16]. 

• The coffee machines use full wattage 12 minutes in an 
hour [17]. 



 

Fig. 2.   Electricity consumption pattern for a refrigerator in relation to the 
Nord Pool Spot market price for Wednesday the 15th of February 
2017 after load shifting. 

 

A coffee machine, which is constantly turned on, has an up- 
and down consumption pattern. It is similar to the refrigerator, 
that it has to keep the containment at a certain temperature. 
Based on the assumption and the Nord Pool Spot market price 
on Feb. 15, 2017. The results for the down-regulating 
calculation of the chosen appliances for the canteen are can be 
seen in TABLE IV. 

B. Offices 

Building C40 mainly consists of offices, with a few 
meeting and group rooms, divided into two floors. The 
building C40 is selected in this paper to represent offices on 
campus. The building section C40 currently have no smart 
installations besides lighting sensors, CO2 control, and demand 
response in the ventilation system. 

The energy data shows that the off-peak consumption is 
relatively high. Based on the energy usage and activities, the 
importance level of this building section is ranked as 3 of 5. 
The consumption pattern of offices shows that the peak hours 
are from 8 AM to 4 PM. Fig. 3 shows the daily electricity 
consumption. 

 

Fig. 3.  Electricity consumption pattern for building C40 on Wednesday 
the 15th of February 2017. 

The interviewed staffs in the offices stated that the laptops, 
computer screens, chargers, and lighting are turned on when 
they are in office, and they take their laptops home, turn off the 
light, and switch their screen to standby when they leave the 
office. This could be a reason for the off-peak consumption. 

1) Electricity saving 
The following calculations are based on the real-time 

electricity pricing from the Nord Pool Spot market for Feb. 15, 
2017, to investigate the potential saving of turning off the 
lighting during most expensive hours in a day. This 
investigation is based on the occupants’ willingness to reduce 
lighting in the needed periods. The assumptions are: 

• The electricity price is considered high when it is 150 
% of the average price for 2017 (1.399 DKK/kWh) in 
the working period (06.00-22.00). The hours with a 
price above this will be down-regulated. 

• The number of offices in building C40 is 103 and they 
are all in a similar condition. 

• The consumption of the fluorescent light tubes is 21W.  

• The results are can be seen in TABLE IV.  

TABLE IV.  KEY VALUES AND FINACIAL SAVINGS. 

Description Result 

Canteen – load shifting refrigerator 

Consumption for 2 hours (compressor turned on for 1 

hour). 
3.28 kWh 

Consumption for 1 hour (compressor turned on for 40 

min). 
2.19 kWh 

Total consumption shifted (using load shifting) to 

cheaper hours. Done for Feb. 15, 2017. 
12.02 kWh 

Savings from load shifting Feb. 15, 2017. 7.01 DKK 

Canteen – down regulating appliances 

Number of possible down-regulating hours per day 

(week days). 
13.75 hours 

Number of hours for weekends (weekends include 

Fridays due to the canteen’s opening hours). 
57.75 hours 

Total daily consumption for down-regulating cash 

registers and coffee machines (week days). 
44.11 kWh 

Total daily consumption for weekends 
185.26 

kWh 

Daily savings for better management of appliances. For 

weekdays with fixed electricity price. 

61.75 

DKK/day 

Saving for the whole weekend (Friday to Sunday). 

259.37 

DKK/ 

weekend 

Total yearly (not considering holidays) savings with 

fixed electricity price. 

26,331.9 

DKK/ year 

Savings from varying electricity price (Feb. 15, 2017). 51.11 DKK 

Offices – down regulating lighting 

Total lighting load 4.33 kW 

Total saving from turning off 1 light (in most expensive 

hour, Feb. 15, 2017). 

0.19 

DKK/office 

Total saving from turning off 2 lights. 
0.39 

DKK/office 

VI. DISCUSSIONS 

This research finds that there is no big potential for the 
canteen to provide energy flexibility during working hours 
because most of the appliances need to be turned on. However, 
the refrigerators can be load-shifted with a right EMS. The 
calculation results give a good indication of the potential in 
load shifting the refrigerators. Based on the calculation, a total 
load shifting potential in the selected canteen of 12.02 kWh for 
the 15th of February 2017 is achievable. This consumption, in 
reality, would be higher since one of the current refrigerators is 
running about 49 min. in an hour. This could be caused by the 
fact that this specific refrigerator does not have a lid, so the 
compressor has to turn on more frequently in order to keep the 
desired temperature. 

In relation to energy saving, more appliances in the canteen 
can be down-regulated outside the working hours, which gives 



an opportunity for a large saving. Especially the coffee 
machines have huge potential due to its high electricity 
consumption. Currently, the canteen does not turn off the 
coffee machines and cash registers at night, and one reason can 
be that it takes a long time to heat up the coffee machine (based 
on the statement of the interviewed canteen staffs). A large 
saving of approximately 61 DKK/day can be achieved with a 
control system being able to start the coffee machines in 
advance so it is ready when the canteen opens. This calculation 
also takes the start-up time for the coffee machines into 
consideration. During the weekends (including Friday) the 
saving is about 259.37 DKK/weekend which means a total 
yearly saving of approximately 26,331 DKK, not taking the 
holidays into account. This huge saving mainly comes from the 
coffee machines, which will give an incentive to strongly 
recommend developing a control system/solution for the coffee 
machines. With the given assumptions, it will not be necessary 
for the down-regulation if the equipment is energy efficient. 
However, in the future, the electricity price is expected to 
fluctuate even more and there is a larger need for down-
regulating, this could be a potential to do down- regulation. 

For the offices, by halfling the electricity consumption from 
lighting, a capacity of 2.16 kW in total is possible for the 
down-regulating. According to the interviewed researcher in 
the lab, labs are not able to reduce, or load shift any energy 
consumption. some potential of regulating capacity could be 
expected to exist if enough data and information were 
provided, but due to the limited information, this paper can 
only discuss whether it is possible to optimize the labs if it is 
already up-to-date. 

VII. CONCLUSION 

The findings in this paper contribute to the research of the 
energy flexible campus and provide an indication of different 
building typologies requirements and location-based strategies 
for energy flexibility. 

The location-based energy efficiency and flexibility 
strategy proposed in this paper provides a solution for 
universities to investigate the potentials of energy flexibility 
based on building typologies without compromising 
educational or research activities. By applying this approach, 
the intelligence and importance levels of each building 
typology can be identified with the qualitative and quantitative 
data collection combined with the EU standard EN15232. This 
paper selects four different typologies (classroom, laboratory, 
office, and canteen) to investigate their intelligence and 
importance levels. This paper finds that the canteen and office 
buildings, which have a lower importance level and a medium 
intelligence level compared to the others building types 
(classrooms and laboratory), are the most suitable to provide 
energy flexibility. This paper also finds that the laboratories 
have the highest importance level with no flexibility at all and 
the chosen classrooms in a newly built building have the 
highest intelligence level. 
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