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Abstract

Public institutions in developing countries, taking Tanzania as an example, are fac-

ing huge electricity consumption bills caused by inefficient utilization of electrical
power. The causes of inefficient power usage can be due to the users'behavioral and
inadequacy of technology deployment in electric controlling infrastructure. This study
explores the users'behavior and the consequences of inefficient power utilization in
Tanzania Higher Learning Institutions (HLIs). Around 85% of the sampled participants in
the selected HLIs were least concerned with power saving strategies while using office
facilities. The study reveals that inefficient energy consumption may result in high elec-
trical power bills, unnecessary energy waste, psychological effects caused by inability
to pay electrical bills and distress resulting from frequent power outages. Besides, the
study proposes both behavioral- and technological-based interventions for electrical
power saving in HLIs.

Keywords: Electrical power, Energy efficiency, Higher learning institutions,
Technological intervention, User behavior

Introduction

Electricity is a vital resource toward sustainable development of any country but it still
faces many growing challenges that relate to rising demand, inefficient catastrophe man-
agament, inadequate generation and stability issues [1]. The need for electrical power is
rising all around the world and it is expected that by 2040, energy demand will increase
by 39% [2]. One of the most important components of a power system is overhead trans-
mission lines. Due to the remote position of power stations from the load, these lines
are the sources of electrical energy in power systems, from power generation to dis-
tribution or consumer levels [3]. Tanzania, as an example, by the year 2019, electricity
covered only 39.46% of its total area of which 67.5% in urban and 32.5% in the villages
[4]. According to [4], Tanzania is generating a total of 1,601.896 MW for institutions,
colleges, schools, hospitals, industries and residences. The power generation capacity is
not sufficient to meet demand with the newly developed policy of Tanzania for Indus-
trialization. The studies further reveal that the little power generated is not efficiently
utilized especially in public sectors, including Higher Learning Institutions (HLIs). HLIs
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are given higher privilege to access electricity though the rate of power wastage is rela-
tively high and hence increasing running costs.

Tanzania is currently implementing a policy that supports industrialization where
many projects require electricity such as Standard Gauge Railway and other modern
industries, which have been the main agenda of the Nation [5]. To meet the demand,
Tanzania is currently striving to implement the largest power plant in Rufiji River known
as Julius Nyerere Hydropower project [6]. The project is expected to contribute 2115
Megawatt to the Nation Grid.

Inefficient use of electricity is a global challenge. For instance, the study conducted by
[7] showed that 40% of the energy produced in the USA is used by public buildings and
$2.8 billion is wasted every year due to leaving ON electric appliances, including air-con-
ditioning and lights, during night and weekends. The potential for energy efficiency and
for reducing energy demand was up to 75% and 90% in the existing and new buildings,
respectively. This is due to changes in design practices, technologies and behaviors [8].

In [9], the authors state that transforming today’s energy systems in industrialized
countries requires a substantial reduction in the total energy consumption at the indi-
vidual level. To improve energy efficiency is sought to be the most cost-effective option
for meeting growing energy demand in most countries [10]. If necessary, measures of
both people’s behavioral usage of electricity and technological means of controlling elec-
tricity will not be intervened, then a lot of electrical power will still be wasted.

In [11], the authors synthesized empirical evidence to identify what types of behavior
change intervention are most successful for saving energy in the public workplace. The
field of health-related behavior change interventions and adopted the Behavior Change
Wheel (BCW) framework by [11]. The study found that interventions creating social and
physical opportunities for employees to save energy are the most successful which con-
stitute Enablement (including direct support and greater control to employees), Envi-
ronmental Restructuring (particularly automated and retro-fitted technologies) and
Modeling (various forms of social influence). The communal nature of most workplaces
demands scrutiny to understand the effect of social influences.

Related works

The study by [12] investigated the effect of a large-scale behavioral intervention to con-
serve energy in the workplace involving the energy-saving competition among bank
branches. More than 500 branches were involved for a period of one year. Using a dif-
ference-in-difference estimation, it was found that the competition significantly reduced
monthly electricity consumption outside the work schedule by 7%. However, the overall
energy consumption did not change significantly. According to [12], this study had pol-
icy implications and they resulted in questioning the applicability of behavioral policies
in the workplace or at least underscore the importance of considering the characteris-
tics of the context in the policy’s design. An intervention targeting the total energy con-
sumption of a branch did not seem effective.

A work by [13] investigated the effect of human behavior and efforts to change the
behavior on electricity consumption in high school settings. The research focused on
awareness of energy use in public schools to decrease electrical energy consumption. The
energy efficiency awareness campaign was found to have a positive impact on decreasing
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levels of electricity consumption. Unfortunately, these decreases lessened over time and
hence awareness needs to be continuous. The key attributes of communication, moti-
vation, and leadership were identified as necessary at the high school facilities level to
ensure long-term success in decreased electrical consumption.

This work acknowledges the change of behavior approach as a solution to the electrical
energy saving in HLIs. However, the approach needs a lot of effort including providing
incentives through bonuses and gifts to employees in order to save energy. This paper
examines the behavioral use of electrical power in Tanzania HLIs and proposes a dif-
ferent technology-based method of power saving. The paper encourages the HLI to act
to control energy consumption using technological-based interventions including smart
appliances or auto peak load management, in which case the energy saving will be more
effective.

Behavioral usage of electric power

Consumers’ behavior on electric power usage

Electricity is the major engine that drives the economy of any country. Consistent and
reliable supply of electricity is vital for public and private institutions, and residences as
most of the undelaying tasks are power dependents [14]. Reducing the amount of energy
used and taking efficient measures can reduce energy consumption and save customers
money. This behavioral change is more related to the amount paid against billing costs
to private and public users [15]. Consumer behavior is an interdisciplinary research field
that employs mainly psychological, sociological and economic theories to assess and
predict consumer choices.

In [16], authors state that energy-saving behavior is often influenced by monetary
incentive and shall not be generalized into an office building context whereby the users
have no financial responsibility on its utility’s expenses. According to the report pre-
sented by [17], if the occupants are directly involved in paying the energy bills, their
approach in using energy shall be more radical compared to the ones who are not
involved in paying the bills. Studies also found that barriers to energy behavioral change
may be caused by employees not paying the bills, being unaware of the energy demands
of the office, or not seeing any benefit for themselves directly in energy savings [18].

In the literature, social scientist devised different consumers’ behavioral theories and
models including theory of planned behavior and psychological determinants of pro-

environmental behavior.
(a) Theory of planned behavior

Theory of Planned Behavior (TPB) consists of three psychological determinants, which
are Attitude, Subjective Norm (SN) and Perceived Behavior Control (PBC). Attitude as
the first predictor is defined as the beliefs, feelings and action tendencies of a person
toward certain issues. It can be described as the subjective judgment of an individual to
perform a certain behavior with either positive or negative benefits. Individual intention
to perform certain behavior can be influenced by positive attitude [19].

Subjective norm as the second predictor is based on the social pressure from a spe-
cific reference group whereby an individual tries to comply. In [16], authors identified
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six indirect determinants influencing energy-saving behavior such as attitude, sub-
jective norm, habit, perceived behavior control, energy knowledge and motivation.
Social Norm is the relevant expectations of a community to which an individual seeks
to comply. Personal Norm on the other hand can be explained by three fundamen-
tals: when the individual is aware of the action necessary to solve the issues; when
the individual recognizes the action is related to the issues; and when the individ-
ual recognizes their own ability to change the situation and condition. PBC as the
final predictor refers to the individual’s perception of the difficulty to perform certain
behavior and their perceived control over the behavior [20].

(b)Psychological determinants of pro-environmental behavior

Psychological determinants can be explained as variables that may contribute to
fostering individual intention toward energy-saving behavior. According to [21, 22],
occupant’s behavior change toward energy conservation can result in greater savings
compared to the investment cost made for technological approaches. In the context
of energy-saving behavior in institutions, psychological determinants include Atti-
tude, subjective norm, PBC, and Personal Norm [23].

Energy efficiency through change of energy-related behavior represents promis-
ing energy savings. Building occupants’ behavior has a great influence on final energy
consumption as elaborated in [24]. According to [11], capability, opportunity, and
motivation (COM-Behavior) interact to generate behavior that in turn influences
these components as shown in Fig. 1. Capability refers to the individual’s psycho-
logical and physical capacity to engage in the concerned activity which includes the
necessary knowledge and skills. Motivation is related to brain processes that energize
and direct behavior, not just goals and conscious decision-making. It includes habit-
ual processes, emotional responding and analytical decision-making. Motivation is
the cognitive processes that energize and direct behavior, not just goals and conscious
decision-making but also automatic associations and priming. Opportunity, on the
other hand, refers to the factors that lie outside the individual but make the behavior
possible. The single-headed and double-headed arrows in Fig. 1 represent potential
influence between components in the system [11].

Capability

Oppotunity

Fig. 1 The COM-B system—a framework for understanding behavior [11]
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Cognitive Internet of things for efficient energy consumption

Currently, the Internet of Things (IoT) technology has attracted the attention of many
researchers and is rapidly growing with the business environment. IoT connects physi-
cal things like vehicles, buildings, and various devices to the Internet using embedded
intelligent sensors and microcontrollers [25, 26]. IoT can be considered as a global net-
work which facilitates communication between human-to-human, human-to-things and
things-to-things, by providing unique identity to each and every object.

IoT is the major contributor toward the advancement of smart grid beyond the moni-

toring and automation. In the field of smart grid, it performs the following tasks [27].

(i) In Automated Meter Infrastructure (AMI), IoT-enabled smart meters and commu-
nication systems enable advanced monitoring up to the consumer end.

(i) In Supervisory Control and Data Acquisition (SCADA), IoT with Artificial Intel-
ligence (AI) and Machine Learning (ML) allows several advanced functions like
multisite integration, predictive maintenance, and fault prevention.

(iii) In Smart inverters, IoT enables solar- or battery-based inverters to manage power
flows and respond to grid stability requirements in real time. Rooftop solar invert-
ers when integrated with smart grid applications of the utility can extend their
smart functions for multiple purposes.

(iv) It allows remote operation of energy consuming devices to respond to grid require-
ments and utility pricing signals.

IoT is all about identifying, sensing and communicating technologies with a vision of
anytime, anywhere and any media but the communicated data are not foreseen and lack
the major decision-making characteristic which is an elementary requirement of smart
environment [28]. This requirement triggered the emergence of Cognitive IoT (CIoT)
which provides greater improvements in performance and brings in intelligence among
the devices in the network. Unlike IoTs, CIoTs interact with network devices with mini-
mum human intervention as the latter integrate the human cognitive into the systems
[29]. Figure 2 shows the CloTs framework and how its four layers interact [29].

(i) Sensing control layer has a direct interface with the physical environment in which
the receptors sense the environment by processing the incoming stimuli and feed-
back observations to the upper layer and the actuators act to control the percep-
tors.

(ii) Data-semantic-knowledge layer effectively analyzes the sensing data to form useful
semantic and knowledge. In CloT, semantic means deriving and adopting various
technologies from the analyzed information.

(iii) Decision-making layer uses the semantic and knowledge extracted from the lower
layer to reason, plan and select the most suitable action from multiple agents to
support services for human/social networks and stimulate adaptation to the physi-
cal environment. To realize this task, machine learning and microcontrollers are
used.

(iv) Service evaluation layer shares important interfaces with social networks in which,
on-demand service is enabled to social networks and novel performance metrics
are designed to evaluate the provisioned services and feedback the evaluation
result to the cognitive process.
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Methodology

In this study, both qualitative and quantitative methods were adopted where a sample
of 70 staff and students were involved where 29% were staff and 71% were students,
randomly selected from Tanzania HLIs. Questionnaires and document analysis were
used to gather information. The numeric data were analyzed using SPSS and excel, while
the qualitative data were analyzed using content analysis. Some of the questions regard-
ing electric power usage at homes and offices include how careful they are while using
electrical power and to what extent each is involved in saving electric power usage. The
questions intended to find out their experiences on how people handle electric power at
homes and offices. Electrical bills and payments in one HLI were also collected as sec-

ondary data to see the trend of payment against electrical usage.

Findings

As shown in Fig. 3, the majority of participants confirmed that they are extremely cau-
tious when using electricity in their homes, while 84% stated that they are not at all cau-
tious when using electricity in public institutions. Only 15% were moderately cautious,
and 1% were extremely cautious when using electricity.

The majority of participants are actively interested in reducing electrical power usage
at home, but they are not formally involved in reducing electrical power usage at work
because no one has been questioned if he or she has misbehaved on electrical power
usage. When in office, all 70 participants use indoor lighting, computers/laptops, print-
ers, projectors, fans, and air-conditioning.

The nature of HLIs comprises constituent colleges, schools, institutions, centers, stu-
dent hostels, dispensary, lecture theaters, administrative blocks, Library and Widens
houses. Thus, HLI consists of a large community which demands electric power for dif-
ferent uses. HLIs face a challenge of paying high power bills caused by genuine and non-
genuine uses. Unfortunately, the bills are paid centrally and end users are unaware of
the amount paid by the institution except for concerned administrators, thus resulting
in energy waste and hence costs since users are not in position to differentiate the high
consuming appliance with the least consuming [30, 31].

From one of the visited HLIs in Tanzania, it was found that out of 10 months billing
data, the lowest total billing cost paid was TZS 159.5 million in May 2020 and the high-
est was TZS 252.7 million in January 2021 as summarized in Fig. 4.

90
80
70
60
50
40
30

POPULATION

20
10

RESPONSE

M Not Cautious Mederately Cautious Extremely Cautious

Fig. 3 Respondents feedbacks
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Fig. 4 One year total electrical power billing paid for nine months
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Fig. 5 Monthly electrical billing cost to different areas

Comparing different blocks of the same HLI including students’ hostel, college
campus and administration block, it was found that the nature of electrical power
used in hostels are more of lights, campus college is a mixture of lights, air condi-
tions and laboratory equipment. From the data, the administration block contains a
good number of air conditions as well as lights and registered the highest bill of TZS
18.5 Million in November 2020 and January 2021, while students” hostel registered
the lowest. Figure 5 shows the total electric bills for the same three considered areas
per month from March 2020 to February 2021, while Fig. 6 shows the cumulative
total amount paid in those similar months.

From Fig. 6, a total one year paid bill for the administration block was around TZS
137 M, higher than TZS 96.9 M of the college campus TZS 82.5 M paid for one stu-
dents’ hostel. The high registered bill for administration block is possibly associated
by the large number of electric appliances including ACs as summarized in Table 1.
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Total billing Cost in TZS

One Hostel  One College Administration
Campus Block

Fig. 6 Total electrical billing cost to different areas of ColCT of UDSM

Table 1 Power consumption for the most commonly used appliance in HLIs

No Appliance category Power
consumption
(W)

1 Projector 282

2 Tube light 4 ft 36

3 Laptop 65

4 Fan 120

5 Air condition (AC) 1250

6 Printer 50

7 Photocopier 183

8 Fridge 300

9 Television 75

10 Microwave 1800

11 Electric Kettle 2000

Intervention to control and save electrical power
Behavioral change interventions
Power improving efficiency can be improved through facilitating behavior change
toward the use of electrical power to public institutions. The suggested behavio-
ral change wheel (BCW) model by [11] provides interventions to facilitate behavior
change. Applying this intervention design, the task would be to consider what the
behavioral target would be, and what components of the behavior system would need
to be changed to achieve the goal. In the BCW, the elements have been categorized as
intervention functions and policy categories. In the context of electric power, behav-
ioral use in HLIs intervention functions includes restrictions, education, persuasion,
coercion, training, enablement and modeling while policy categories can include
guidelines, regulation, service provision, legislation, communication/marketing and
fiscal measures.

Though BCW was developed targeting to intervene and promote health activities,
similar concepts can be adopted in electric power usage. In that regard, the following
areas can be revisited:
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(i) Education: need to increase awareness on the importance of power saving which
in turn will reduce electrical bills. Insisting on switching OFF office and laboratory
electrical power to air conditions when leaving rooms and laboratories.

(i) Persuasion: using communication to induce positive feelings or stimulate actions
like using imagery to motivate physical activities. Communication can be through
social media such as WhatsApp and Instagram groups.

(ili) Training: imparting skills on being responsible in using public facilities in the pub-
lic areas

(iv) Modeling: providing and demonstrating real positive behavior in using public facil-
ities, hereby referring to electrical power.

Relying on behavioral change may sometimes be a challenge due to the rational
and selfish behaviors of some employees especially in the state of market failure [12].
Employees save energy only if they have been incentivized through bonuses and gifts,
otherwise, the HLI has to act to control its employees’ energy consumption using tech-
nological-based interventions including smart appliances or auto peak load manage-
ment [32].

Technological intervention measures

Efficient power management needs the integration of Information and Communication
Technology (ICT) on consumers’ demand-side. This can be efficiently realized using
smart meters and Cognitive I0T. Recent advances in smart meter technology allow a
range of new functions such as remote meter reading, time-of-day tariffs and real-time
data usage information which can be exploited in conjunction with smart sensors to
enhance power usage efficiency [33]. A study by [34] incorporating smart meters can
play a major role in behavior change since energy consumption notifications alert the
consumers through their mobile phones and enhance reduction in bills.

Cognitive loT

For the public institution including HLIs, it is important to establish intelligent systems
to automate the sensing of the load parameters and intelligently control the electric
power usage as shown in Fig. 7. This can be accomplished using the CloTs-based system.
A proposed CloT system consists of a microcomputer called the Raspberry Pi 4 as the
main controller, with trained Tanzania Meteorological Agency data (TMA) being used
with the designing regression model for predicting a decision based on collected data
from three sensors: temperature sensor, lights sensor, and motion detection for environ-
mental data gathering in a room. Fans, air conditioners, and lights will be connected to
a relay switch that is also connected to the grid and the Raspberry Pi 4. The decision to
turn on or off will be based on modal findings compared to sensor data. As shown in
Fig. 7, a database will be utilized to store room consumption and then provide a report.

Discussion

Climate nature in Tanzania, specifically Dar es Salaam, has long hot and sunny seasons.
Due to that, institutional offices, classrooms and laboratories are being facilitated with
air-conditioning and electric fans. This also includes lighting and power points for other
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Fig. 7 A proposed CloT system for energy saving

use like computers, printers and scanners. Electrical equipment connected to power
points has no significant impact on electrical usage, since appliances connected to them
automatically go to “hibernation/sleeping” mode when not used for long (not actively
used), automatically conserving the electric power. Problems are with air conditions,
lighting and electric fans where by, unless measures are being taken, they will remain
to be the facilities to subject HLIs with very high electric billing. Behavioral usage of
electricity in all units is a challenge as the majority are not careful. Lights are left ON in
offices and classrooms whether it is sunny or cloudy, this is the same as security lights.
Air conditions and lights are left ON even if nobody is in the offices during weekdays
and sometimes on weekends. The usage is more based on the behavioral side, people are
not concerned with the effect of not being responsible.

It is of no doubt that people are very cautious in using electrical power at home, some
measures taken are to switch ON lights and other appliances only when there is a need.
According to participants during data collection, people are not careful in using electri-
cal power due to reasons that they are not responsible for paying bills and they do not
know the huge amount paid and its consequences; they are not motivated or encouraged
and they have not been provided with guidelines in using public resources. Actually, to
a big extent, electrical power is being left ON during power cuts, where people (staff
and student) leave switches for lights and air conditions ON incautiously that the power
may return any time. Sometimes while attending other activities outside the office and
expecting to immediately return back, it turns out that a staff member may not return
back to office and a room is closed.

Intervention to make people change behavior toward using electrical power is one way;,
but its impact is not promising as people are forgetful. There is a need to intervening the
matter technologically to control power. It is time for HLIs to save costs used to pay elec-
tric bills, as the saved amount may be used to solve many other issues in the institutions.
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Conclusions

This study investigated the repercussions of electrical power consumption patterns on
both the institution and the utility business in Tanzania. Content analysis on behavior
trend toward the use of electricity in offices shows that, 85% of respondents said they are
not cautious when using electricity, 14% said they are cautious when using electricity,
and only 1% said they are extremely cautious while using electricity. It can be determined
that inefficient power use has disastrous consequences such as increased electricity bills
(unneeded expenditures) that have costing implications, unnecessary power wastage,
and excessive power generation machinery and creating insufficient power to customer
in demand due to wastage of power. Based on the data from three buildings of one of
the university campuses, administration block have more air conditions compared to
students’ hostel (mostly having lighting fittings) and college campus (having lights and
few Air Conditions) has the highest electrical bills in all months from March 2020 to
February 2021, however, the most was on November 2020 and January 2021 amounting
to 19 million Tanzania Shillings. Accumulatively, the electrical billings for all 10 months
were amounting to 137 million Tanzania Shillings for Administration block, 82 million
Tanzania Shillings for student’s hostel and 97 million Tanzania Shillings for one college
campus.

Making people change their behavior toward the use of electrical power is of no doubt
very important, however, the trend shows that this effort does not result in a promising
impact, especially when they are not involved in paying bills and are not consistent. Peo-
ple are forgetful and need to be reminded frequently. Technological-based interventions
are the best solutions in controlling electrical power, which many of the public organiza-
tions and institutions in developing countries, including Tanzania do not apply. There is
a need for the concerned management to prioritize the matter and advantages of it will
be: the saving of electrical energy, the cost reduction in electrical bills and the money
saving from the reduced billing costs that can be used for other issues.

This study is looking forward to implementing a CIoT that operates autonomously on
the process of energy conservation as a future development. There is a need to first cre-
ate a framework and establish the controlling mechanisms, taking the advantage of the
IoTs and machine learning technologies.
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