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This article is divided into three parts: the first presents a simulation study of
the effect of occupancy level on energy usage pattern of engineering building
of applied science private university, Amman, Jordan. The simulation was
created on simulation mechanism by means of EnergyPlus software and
improved by using the building’s data such as building’s as built plan,
occupant’s density level based on data about who utilize the building
throughout operational hours, energy usage level, heating ventilating and air
conditioning (HVAC) system, lighting and its control systems. Data
regarding occupancy density level estimation is used to provide the proposed
controller with random number of users grounded on report were arranged by
the university’s facilities operational team. The other division of this paper
shows the estimated saved energy by the means of suggested advanced add-
on, FUZZY-PID controlling system. The energy savings were divided into
summer savings and winter savings. The third division presents economic
and environmental analysis of the proposed advanced fuzzy logic controllers
of smart buildings in Subtropical Jordan. The economic parameters that were
used to evaluate the system economy performance are life-cycle analysis,
present worth factor and system payback period. The system economic
analysis was done using MATLAB software.
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1. INTRODUCTION

The main objective behind the smart buildings economic analysis is to determine the minimum cost
of essential energy for delivering required thermal comfort conditions. In other words, the aim of the fuzzy
control system is to establish a self-leaning control system that are able to deliver and assure the least cost
arrangement of conventional control system and fuzzy control system in order to attain strong and convenient

working place.

Buildings’ users’ number and occupancy density level influences usage of electrical lighting
systems and heating ventilating and air conditioning (HVAC) system. The current part of this article presents
the effect of occupants’ concentration on energy consumption of HVAC and lighting systems in an intelligent
building. The controller’s input is provided by a random number generator based on the nature, details and
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operational pattern of the building. Results are carried out during building’s normal working hours which is
from 8 AM to 8 PM

The optimum option is to install a sub-main meter to evaluate the used energy by electrical-lighting
systems at each level of the building. Practically, this means is not available and most of buildings utilizes a
forecasted model to calculate energy used by lighting systems in the non-appearance of real data-loggers. The
building’s classified into different zones. It is to be noted that the designed lighting for these zones is
different from lightings fixture power rating of primary design, in watts/m?. Total energy used by the
electrical lighting system is evaluated by using (1) [1].

N |

Eiignt = zzuinw AN,

n=l i=l (l)

here N is building’s zones number, U: is electrical-lighting usage factor, W; is planned watt/m? of
zones energy, A is over-all floor area and h is operational hours. In this article examples were acquired based
on the period of usage which is estimated to be 3-5 hours.

The building’s spaces are air-conditioned centrally by means of a chiller transporting water to air-
handling units (AHU) that fitted in various zones. In general, the optimal of measuring energy usage by
installing loggers that able to determine the HVAC energy demand. Accordingly, forecasted prototypes are
important to calculate quantity the quantity of consumed energy grounded on heat-gain mathematical
formulas [1]. The over-all cooling load (Quw) is the total of inner cooling-load and outdoor cooling-load [2]-
[4]. Internal cooling-load is the outcome of tenants’ capacity, electrical-lighting system and other gears
computers. The key suppliers of out-of-doors cooling-load are ventilation, infiltration, conduction and
radiation. The internal cooling-load is calculated from Equation 2 where the out-of-doors cooling-load is
calculated from (2).

Q= (iiUinvv iAihnj*l.Z £33 UL P,Ch+ 3 015%H h,
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here Ha is tenants number, 1.2 is a multiplication factor for ballast losses [2], D: equipment e.g. PC’s, Uqgn :
usage of gear of test d also period n, Py : consumed energy by equipment’s and Cyq : tenants are utilizing
electronics and Ha is number of tenants.

Qe: Zhn(Qv +Qi+Qc+Qr)
T @)

here Qi; outdoor heat load Qy is energy used by ventilation, Qi: infiltration heat-load Q.: conductive heat load
also Qy; radiant heat-transfer.

The control technique began with evaluating sensible spans of occupancy level effect on the
building’s energy utilisation [3], [4]. The system’s procedure of examination was executed by using
EnergyPlus simulation engine. Randomly created patterns of occupants’ action inputs were generated
comprising a thorough record of equipment’s computers in same time kept temperatures and humidity’s
users-set point.

The ordinary rates of resident profile were generated throughout a review of building energy
efficiency code (Title 24) which is issued by Department of Energy for lists of occupants’ activity and
behaviour [3]. Moreover, the system-input has been classified to low-values (20-25% of residents), medium
(50-60% of residents) in addition to elevated spans (90-100% of residents). The previously mentioned lists of
head counts are matched to any other official buildings’ occupancy pattern. Process timetable were outlined
to the model based to normal process changes in institutional building’s normal business hours which are
expressed in Table 1. It highlights the schedules which are exploited to mathematically-modelled occupant
functions. Table 2, also outlines loads which are distressed by occupants-activity standards initiated by the
existence of residents knowing that all electrical-receptacle, outlets as well as electrical-plugged loads are
neglected.
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Table 1. Occupants and occupants’ activity schedule
details domains
Working hours Low: less than, 4 hr/d, 10 months/year
Medium: ranging between 4 and 7 hr/d, 10 months/year
High: a day, 12 hr/d 10 months/ year.
Low: less than, 4 hr/d, 10 months/year
Medium: 4-7 hr/d, 10 months/year
High: a day, 12 hr/d 10 months/year
Low: less than, 50% of total occupants, 10 timetable
Medium: 50% of total occupants, 10 timetable

EnergyPlus Factors
Lightings’ timetable

Equipment’s’ timetable Working hours

(plug-in load)
Peoples’ timetable Occupants’ pattern
(ratio of people in to max

number of residents)

High: less than 100% to 50% of total residents 10 months/year

The methods which are stated in the previous table (Table 2) classifies the varieties of data that
represents correct and sensible projections of standard occupants’ behaviors and activity temperature
variation also relative-humidity set points, windows’ status, class rooms’ occupation.

Table 2. Building’s EnergyPlus profile

EnergyPlus factors Details domains
Programed temperature Programed Temperature 20-23 C° during Low: 20-23C°
winter and 24-26 C° during summer Medium: 22-26C°
High: 25-27C°

Programed Relative
Humidity
Occupancy pattern
Residents’ heat load

Infiltration/ventilation

Lighting/solar radiation
heat gain

Programed Relative Humidity 40-70%
Occupant pattern in persons/m?
Sensible/Latent heat load-variation due to

individuals

Ventilation value and infiltration’s
openings

heat-gain-change due to lightings and sun
radiations measured class/hour

Low: 40-50%

Medium: 50-60%

High: 70-80%

Low: 20people/100m?
Medium: 40people/100m?
High: 80 people/100 m?
Low: 35kWh/person/hr
Medium: 75kWh/person/hr
High: 170kWh/person/hr
Low: 0.20CFM/head
Medium: 0.40CFM/head
High: 0.75CFM/head
Low: 100kWh/class/hr
Medium: 150kWh/class/hr

High: 200kWh/class/hr

The proposed fuzzy add On-PID controllers is resented to execute this computation. The proposed
fuzzy add On-PID controllers’ inputs are error eR and its variation AeR that signifies the alteration amongst
building’s previous residents and building’s present residents. Furthermore, the fuzzy add On-PID
controllers’ memberships functions’ input and output are showed in Figure 1. The controller’s inputs and
outputs comprise this noted significances, high negative (HN), medium negative (MN), low negative (LN),
zero (Z), low positive (LP), medium positive (MP) and high positive (HP) is presented in Table 3 [5]. the
fuzzy add On-PID controllers’ output is the important power variation depends on residency density level
which necessitates to keep indoor thermal and visual comfort within standards.

Table 3. Fuzzy control rules for local various
b occupancy levels
104 : B ] Required eR
e ol A ; change in HN MN LM Z LP  MP LP
i \ ] energy
£ oosq % § 3 : AeR HN HN HN HP HP HP HP HP
../ ; g : ' MN HN MN Z MP MP HP HP
g U v 4 L LN HN MN HN HP MP HP HP
& oz s L z HN NM HN Z PL PM HP
ool f LY. ¥ PL NH NH NM NH PL PM HP
HN HN HN HP HP HP HP HP
= - . . MN HN MN Z MP MP HP HP
eR/Deilta eR

Figure 1. Membership functions of various
occupancy levels
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2. RESULTS AND DISCUSSION

The current part of the article, presents the study’s outcome mean while it provides a detailed
discussion and results analysis. All study outcomes and results are shown in figures and tables to allow
readers to comprehend the study easily. The results’ discussions are detailed below in several sub sections.

2.1. Energy savings and energy index

Figure 2 displays building’s gross electrical load in the year 2016 which was 643575kWh.
Throughout the hot-seasons and thus, excessive request for air conditioning which normal occurs in May to
mid-November. Also demands on heating is occurred in December to March. The building’s peak energy
demand was recorded through the month of January at 68350kWh followed by the months of February at
65140kWh, then the month of April at 61925 kWh. During cold seasons when heating and cooling energy
demand was low, the minimum energy load was in the month of August at 42690kWh tailed by the month of
June at 45015 kWh also in August at 48010kWh correspondingly.

Furthermore, Figure 2 displays building’s gross electricity demand when the occupancy level is
100%, 50% and 25%. At 50% occupancy level, the gross electrical load throughout the year decreased from
643.575kWh to 550.320kWh which shows electrical-energy savings of about 15%. As already noted from
Figure 2 the most energy saving of 20.480kWh was in the month of April which is equal to about 40%, tailed
by March, November at proportion of 25%, 21%, 20% correspondingly. The cause of April has the most
saved energy is because of holiday seasons. Eid, Christmas and the New Year. The lowest saved energy is
occurred in the September where the start of the academic calendar.

A like situation was achieved at 24% residency rate. For 24% occupancy level, the total annual load
was found to be 468.435kWh which accounts for about 26% electric demand saving compared to 100%
residency rate. During December outcomes were yet the most saved energy which is around 30% due for
holiday’s seasons and the lowers energy savings were occurred in the month of March which was about 20%
energy savings compared to the full residency rate.

The overall quantity of used energy concentration is measured as an indicator of the yearly
electricity utilization of HVAC as well as lighting system in kWh/m? such as standardised electricity
utilization. The constraint of energy usage intensity is that it does not consider elements that include energy
utilization for HVAC and lightings’ systems efficiency individually [6]. Energy endorsement is used as an
auxiliary to regulate energy usage intensity to measure the energy performance of HVAC and lightings’
system with various operational conditions and operational modes [7]. Energy endorsement models are
depleted for a long time in order to calculate and control buildings’ energy performance in different climatic
conditions.

Energy’s practice prifile is the tendency of yearly consumed energy of institutional buildings
compared to average outdoor temperature at a certain time intermission (one hour, one day or one month). It
not only unveiled the building total energy usage but also demonstrates the effect of climatic conditions on
energy usage pattern of HVAC [8]. Seeing energy management of buildings and climatic information, it is
probable to compute variances in HVAC ‘s and lighting systems’ way of control. As climatic circumstances
influence the way of buildings’ HVACs and lightings load variations, it is essential to utlize used energy
pattern prototypical HVACs’ and lightings systems’ energy efficiency under changing buildings cooling and
lightings load [9]. This article, energy practice model was commissioned to itemize annual HVACs’ and
lighting systems” energy utilization knowing that, diverse energy efficiency measures. The simulation’s
results specifies that energy procedure pattern could be engaged to organize HVACs’ and lighting systems’
energy efficiency and implement add-on-fuzzy control systems. Energy preservation strategies is the most
suitable way of lessening HVACs’ and lighting systems’ energy use throughout peak-time demands of
HVACs’ load. To economically control annual HVACs and lighting systems’ energy usage, various
references energy usage prifile have been produced in this research to support the usage of different passive
cooling methods the usage of shadowers to shield from sun radiant heat increase. The simulation manner
explains on way of total HVACs’ and lighting systems’ energy usage differ in respect to climatic data profile
knowing that diverse means for base climatic gain.
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Electric Demand at different Occupancy level
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Figure 2. Building’s total electric load at different occupancy level

Energy mark used in HVACs and lighting systems is likened to fuzzy logic controller the handling
of external air temperature and humidity whem lies between 18-27C and 35-70 % respectively as presented
in Figure 3. currently, the usage of outdoor air outcomes the utmost energy performance (the least energy
utilization, kwh/m?) related to the reachable controling system. The computed data utilization of used-energy
were connected to its semilar climatical index. The factors of determination (R2) diverse from 0.90 to 0.96
showing a significant association of the energy usage with the climatal index such as temperature, relative
humidity and illuminanation).

Consequently, the energy’s usage profile models with various retrofit tactics could be utlized to
classify the controlling way trhouout building’s resident profile which might have changed [10]-[15].To
calculate the saved energy using the sugested fuzzy-logic controller, the building’s HVACs and lightings’
systems electrical power usage is operated using regular Proportional integral derivative PID controller
which was evaluated compared to the proposed fuzzy logic controller, as presented in Figure 4.
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Figure 3. Energy index using outdoor air and Figure 4. Energy savings PID vs fuzzy logic
daylight

2.2. Life cycle cost (LCC) analysis control

Fuzzy-logic-based controllers for smart buildings are characterized by a high capital investment
including the cost of design, programming and installation. The costs of fuzzy-logic-based control system
involves the costs required for utilizing ambient air, daylighting, the consideration of occupancy density level
and the normal operation of the existing HVAC and lighting system. Installation costs of fuzzy-logic
controllers’ equipment Ct can be expressed as the sum of three items given in (1) [15]-[17].

C,=C+C+C,
(4)
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Where Cg is the capital costs, Cas is the sensor cost and Cs is the software costs of the fuzzy logic controllers,
all in Jordan Dinars.

In this study, LCC analysis was used as the indicator of economic performance. The evaluation was
performed by comparing the values of LCC obtained for various control strategies. Both capital and
operational costs were considered for various retrofit control techniques.

Varun Chaudhary, et al. [8] performed LCC analysis using present worth factor technique by
employing a comprehensive load portfolio, and the initial and operational cost of HVAC systems. During
evaluation, they considered two dissimilar function or type of building, two dissimilar operational setups for
HVAC system and two dissimilar economic considerations. [9] explained theoretical problems tied with LCC
analysis for an Jordan constructed case study building in assessing substitute design technologies to achieve
energy efficient buildings.

Harish Kumar, et al. [9], Yiwen Ji, et al. [10] carried out a LCC analysis of 60 residential and
commercial buildings from different nations and reported that operational energy is the biggest portion of
buildings energy consumption throughout its life cycle [11]. The project showed a linear interpolation
between working and gross energy usable over all situation’s despite of climatic conditions and other
situation variation and revealed that design of energy efficient buildings produces net profit in gross LCC
energy consumption. [13] investigated the significance of LCC energy analysis and concluded that
operational energy is a key element of the LCC energy usage.

Life cycle cost analysis accounts present and future costs of energy conservation strategies over its
life-cycle. In this study, the LCC analysis of various energy retrofit in building was done using (2)[11].

LCC=1+Cc+E+OM &R —-RES (5)

where LCC is life cycle cost analysis, Cc is capital cost, E is energy cost and OM&R is operating and
maintenance cost.

Several data are required for assessing a substitute control system. The data involves the costs of
energy, system installation, operating and maintenance, etc. Some of the data were hard to obtain. Energy
resources cost is very significant throughout a building’s lifecycle because it is the biggest share of
commercial building cost during the buildings’ lifespan. The cost of energy usage was determined in this
study by creating numerous computations using simulation engines and thus attained the yearly buildings’
energy usage based on building’s specifications and its envelope’s features, heat gains, and type of existing
HVAC system [17]-[19].

Regarding every fuzzy logic control technique, a base model was created by MATLAB and
EnergyPlus simulation engines. The execution of the base model represents the conduct of the current
building within the influence of the different control situations. Later on, this base model was equated to
different models with respect to different refurbishment decisions.

2.3. Data for cost estimation

The expected life time of the proposed system was considered 20 years. The non-repeated
operational and maintenance costs were considered to kick off after 10 years of the initial installation. In the
analysis, the current (2017) Dinar value was considered constant throughout the year. Operational and
maintenance costs were assumed to be same. Annual re-occurring cost such as energy costs, operation and
maintenance costs were assumed to occur after the beneficiary date from January 1, 2016 and are discounted
to present value until the end of the study period.

Table 4 shows the data for cost estimation using fuzzy-logic-control system. Throughout system
evaluation net savings in energy substitutes do not oblige a spare part changing since the appropriate lifetime
is expected to be the same as 20 years.

Table 4. Data Summary for cost estimation

Cost Items Conventional control strategies  Fuzzy logic control strategies
Annual electricity consumption 643.572kWh 643.572kWh

Electricity price per kWh $0.06270 $0.06270

Initial investment cost $156.000 $156,000

Expected asset life 20 years 20 years

Outstanding asset factor 8% 8%

Main maintenance and substitute cost JD12.500 JD 12.500

Yearly regular continuous operational and maintenance costs JD 1.200 JD 1.200

Regular one-time operational and maintenance costs JD 11.000 JD 11.000
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The capital costs were regarded to be around JD 85,000, similar to the cost of similar control system
in Applied Science Private University, Amman, Jordan. As per literature, the initial costs for installing a
fuzzy logic control system were considered to be JD12500. The cost of the rest of gear is expected to be the
same for all other systems. The useful life span of the installation is projected to be 20 years for existing
systems. The cost of energy was priced per kWh and is gathered from local energy provider Jordan. Yearly
repeated operational and maintenance costs are regarded to be around JD1200 as counted by Applied Science
Private University department of facilities management.

2.4. Data for cost estimation

The Table 5 shows the computed life cycle costs summary for all base case conventional control
system and fuzzy-base-control system. The fuzzy base control system delivers the least LCC over the 20
years’ project duration. Base Case conventional control system is also cost effective economic measure in
spans of LCC and yearly cost matched to the reference case. Between conventional control system and fuzzy-
base-control system, fuzzy-base-control system has the smallest LCC of JD 680.500 which indicates net
savings of JD175.000 (JD 855.500-680.500) which equates to 20.4% LCC savings.

Table 5. Life cycle cost summary

Base Case conventional control Fuzzy base control system
Cost items system
Present value  Annual value Present value Annual value

Initial cost JD 156.000 JD 7008 JD 220.000 JD 11.000
Energy consumption costs JD 671.161 JD 56.227 JD 496.101 JD 41.561
Regular yearly repetitive operation and maintenance costs  JD 13.500 JD 1.150 JD 13.500 JD 1.150
Regular one-time operation and maintenance costs JD 10.500 JD 850 JD 10.500 JD 850

Main maintenance and spare parts replacement costs JD 12.500 JD 1.010 JD 12.500 JD 1.010
Least residual value JD 7.080 JD 600 JD 7.080 JD 600

Total Life-Cycle Cost JD 855.500 JD 71.900 JD 680.500 JD 57.000

Table 6 demonstrate energy savings of proposed fuzzy logic control system. The reference buildings
control technique energy consumption was 643.572kWh. For Fuzzy base control system, the average
expected energy consumption is 585.000kWh. Energy savings are 62.248kWh annually which equates to
about 10% savings. The LCC energy savings is about 124.496kWh.

Table 6. Energy savings summary

Base Case conventional control system in kWh Fuzzy base control system usage in kWh
Type - - -
Average Annual Savings Life cycle savings
Consumption 643.572 585.000 62.248 124.496

2.5. Payback period estimation
The payback period Np given in (6) is generally used within buildings economic purposes to forecast
the time to cover its capital cost [12].

.n[csx-ﬂ}
N — SF xLxC.

° In (1+1i) (6)

Where Ck is the first period’s unit energy cost delivered from regular fuel (JD), L is the yearly load (kwWh)
and SF is the annual fuzzy fraction [20].

Figure 5 shows the accumulative of the proposed control system’s costs savings in respect to time.
The overall time needed to produce zero cash is nearly nine years, whereas the time required for total energy
savings to match the capital investment of JD 156.000 (payback time) is about 15 years.
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Figure 5. Proposed system payback period

2.6. Payback period estimation

Smart buildings application delivers a possibility of minimizing the electrical energy in a way that it
will direct to substantial reduction in CO, emissions. The environmental evaluation of the proposed control
system depends on the avoided amount of CO;, emissions caused by electricity savings which can be
expressed using (7).[21]-[23].

CO2 (Avoided) =CO2 Factor x ES )

here CO; factor is defined as the emission factor and Es is total energy savings. The highest source of
electricity generation in Jordan is heavy fuel which produces about 85% of the country’s total electricity
production. Consequently, decrease in using coal in electric power generation plants will enhance the
environmental conditions of Jordan.

As reported by the Jordanian office of climate, the CO2 factor is about 88.2g/kWh. The overall
annual emission is recognized to be one of the most significant indicators of the environmental measures and
assessment [24], [25]. Figure 6 shows that using proposed control system, the yearly eliminated greenhouse
gas emission is nearly 25.5 tons of CO2 by applying the most of fuzzy role sets.

As reported by the Jordanian office of climate, the CO2 factor is about 88.2g/kWh. The overall
annual emission is recognized to be one of the most significant indicators of the environmental measures and
assessment [26]. Figure 6 shows that using proposed control system, the yearly eliminated greenhouse gas
emission is nearly 25.5 tons of CO2 by applying the most of fuzzy role sets.

30
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Percentage of applying fuzzy roles%

Figure 6. Annual avoided CO2 emissions

3. CONCLUSION

This article presents the effect of occupancy concentration level on an energy savings of Applied
Science Private University, Amman, Jordan. The occupancy density of 100%, 50% and 25% was considered
to investigate their impacts on HVAC and Lighting system energy demand. The results showed that
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building’s control system can save about 14% of total energy demand at 50 % of occupancy level and 24% at
25% occupancy level compared to full (100%) occupancy level. Moreover, for 100% occupancy level, the
energy savings of 9%-14% can be achieved, with maximum energy savings in July (15%) and minimum
energy savings in January (9%) if the proposed fuzzy logic controller can be introduced. The results proved
that smart buildings and building intelligent control systems are able to save energy by applying a set of rules
which are based on real life events such as the usage of daylight, weather data, sun radiation, occupant’s
density and etc.

Economic performance of building management control technologies is also assessed for the
reference building. The research has revealed that although the fuzzy-control system requires more capital
cost in comparison to conventional control techniques, the 10% savings in operation energy are adequate to
justify the extra capital investment).
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