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The current study is an economic evaluation and feasibility study of hybrid microgrid
Net Zero Energy Buildings in Pakistan. A Net Zero Energy approach is proposed for
a two-story hospital building situated in Taxila, Pakistan. Consequently, to design a
hybrid Net Zero Energy Building, the solar radiation potential of the subject location and
electricity usage of the hospital are estimated. The proposed hybrid microgrid Net Zero
Energy Building comprises photovoltaic modules and converters. However, the thermal
load is computed as a grid-connected hybrid system. Economic evaluation is performed
by using economic indicators of the net present cost and the payback period. Also,
initial and operational costs are determined, to determine the profitability of the project.
Results show that the analysis is a cost-effective approach and has a payback period of
2.58y. Additionally, the per-unit cost of electricity is reduced to 0.12 USD/kWh. Moreover,
the energy produced by a hybrid system is 10.24% more economical than that of the
pre-working grid system. Results explain the reduction in the cost of energy and profit
margin in electricity generation and the increase in electricity production and feasibility of
hybrid Net Zero Energy Buildings in Pakistan. Research will help to develop an approach
toward an IEA task 47 in Pakistan with the possible development of simulation-based
installations of Net Zero Energy Buildings in the health sector in Pakistan.

Keywords: Net Zero Energy Building, hospital, micro grid, feasibility analysis, payback period, cost of electricity

INTRODUCTION

In the past few decades, energy consumption in buildings has been increased to 30% worldwide (Ji
etal., 2017; Si et al., 2018). Renewable energy is not a new concept to work with. Many researchers
are already working on various renewable energy systems to reduce capital costs and increase
energy production. In a study, the water management of PEM fuel is inspected, and, according to
the results, the effectiveness of PEM fuel cells is at maximum at 80°C with the removal of wastewater
periodically (Taner, 2015a). In another research, the importance of simulation and optimization
techniques is highlighted by working on PEM fuel cells in the energy sector. Results conclude
that by the simulation of operating pressures and voltage parameters as working parameters, the
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energy and exergy efficiencies are 47.6 and 50.4%, respectively
(Taneer, 2018). In a study of the PEM electrolyzer, the
payback period for the hydrogen generation systems is observed.
Operating parameters were the current and voltage. According
to the results, the simple payback period was thought to be 2.32y
(Taneer et al., 2018). In another research, a techno economic
analysis was performed for sugar production processes. The main
aim of the research was to reduce capital cost with an increase in
the production of turbine power. So, by way of a well-structured
analysis, the unit cost ought to be 3.142 [$/kW] with a payback
period of 4.32 years (Taneer and Sivrioglu, 2017).

In recent times, China has emerged as a major global energy
consumer in terms of the building sector (Wang et al., 2014).
However, the energy consumption of hospitals is more than
double that of other ordinary buildings in society. Energy use
in hospitals is important due to the high heating, cooling,
and ventilation thermal loads, critical medical equipment, and
operational requirements (Balaras et al., 2007). Hence, energy-
efficient designs for hospitals can play a vital role in sustainable
development in society (Meegoda et al., 2012). In the past
years, many studies have been conducted in different countries
especially for hospitals. For example, Ahmed H-S (Sherif, 1999)
proposed in 1999 that cost-effective and technical aspects should
be considered for the designing of hospitals in developing
nations, particularly for low-income groups. In a study in the
United Kingdom in 2007 (Shu et al., 2007), primary energy
consumption was reduced by 15% by simply implementing
sustainable healthcare goals. Also, a sensitivity analysis for
the building energy consumption and energy-saving potential
optimization of the hospital energy supply system was conducted
by Japanese researchers in Asia (Schweber, 2013). According to
the research, there is little available data for energy consumption
related to hospitals, especially energy data for climate diversity
in different regions of Asia. Moreover, for the designing of
NZEBs (Alfano et al., 2014), two characteristics have to be
measured, namely, indoor environmental quality (IEQ) and
energy reduction per capita. The new regulation demands that
the NZEB goal must be achieved with an acceptable IEQ level
for residents, especially for medical institutions, i.e., hospital
buildings. Moreover, with the help of two different groups of
people, ie., medical staff and patients, the IEQ demand can
be standardized. Therefore, a lot of literature is available on
IEQ in hospital buildings (Skoog et al., 2005; Han et al., 2007;
Yau and Chew, 2009; Pourshaghaghy and Omidvari, 2012; Del
Ferraro et al.,, 2015; Golbazi and Aktas, 2016; Alfano et al,
2017; Khalid et al., 2017; Sattayakorn et al., 2017). One of the
best researches in the area of indoor environmental quality
is Fanger’s research, which describes various factors regarding
human thermal comfort and indoor air quality in the hospitals
(Skoog et al., 2005).

Presently, non-residential buildings are major power
consumers in developed countries, consuming 20-40% of the
total primary energy (PE). For example, in 2010, the Dutch
environment consumed 41% of the total energy consumption
in the Netherlands (Vanhoutteghem et al, 2015). For these

reasons, the European Union issued the “Energy Performance
Directive for Buildings” (EPBD) in May 2010 (EIA, 2011). The
directive sets forth requirements to accomplish the goals of the
NZEBs regulations and EU member states (MS) legislation by
2020. Generally, from January 1, 2019, new buildings under
the government must be NZEBs, and the rest of the new
buildings be they either residential or public utilities must meet
the NZEB requirements from January 1, 2020. As there is in
the Netherlands no clear definition of NZEBs for 2020, the
Dutch administration has issued a public plan to encourage
NZEBs (Dutch governments, 2012), which illustrates different
schemes to decrease overall energy consumption. In another
research (REHVA, 2010), the total energy consumption by
the Dutch healthcare sector accounts for 1.64%. There are
120 hospitals in the Netherlands, 8 of which are academic
hospitals (Ministerie van Volkshuisvesting, 2010; Zurghulpatias,
2015a,b).

Similarly, in the past decade, NZEBs in the United States
have received increasing attention from different organizations,
i.e., ASHRAE and the American Architectural Institute (AIA).
ASHRAE has set a target to develop a tool by 2020 that will
facilitate the building community to develop a viable NZEB
approach in the market by 2030 (AIA, 2011). The AIA 2030 has
the goal of attaining new carbon-neutral buildings all over the
country (Entrop and Brouwers, 2019). In previous literature, only
a few studies were based on the actual measured performance
and efficiency of NZEBs. For example (AlAjmi et al., 2016; Zhou
et al, 2016; Kneifel and Webb, 2018; Wu and Skye, 2018),
worked on NZEBs. AlAjmi et al. (2016) worked on simulation-
based studies to examine the possibility of converting existing
institutional buildings to NZEB in the hot and humid climate
of Kuwait. In the study, solar PV and thermal cooling systems
were installed in Kuwait, and feasibility analysis was performed
for NZEBs.

Also, there are many established healthcare regulations
available in Europe, the USA, and the UK. Building Research
Establishment Environmental Assessment Method (BREEAM)
is the earliest green building rating system, established in the
UK in 1990 (Schweber and Haroglu, 2014; Alhorr et al., 2015).
Among BREEAM products, the BREEAM healthcare version was
developed for green hospital buildings in 2008 (Ferreira et al.,
2014). Leadership in Energy and Environmental Design (LEED)
is another green building rating system, and it was launched by
the US Green Building Council in 1998. In the LEED product
family, the U.S. Green Building Council (USGBC) released LEED
for healthcare in 2011. In addition, the US healthcare industry
steering committee has also formulated the Green Healthcare
Guidelines (GGHC) (Azhar et al., 2011; Wu et al., 2017). The
rating systems of these developed countries set an example for
other countries. However, different regions have different energy
consumption attributes and impact methods, and the evaluation
method must thus be suitable for the real situation of the
country. Therefore, in 2006, China formulated the “Evaluation
Standard for Green Buildings” (ESGB), which was the first
assessment standard for the “environmental performance rating”
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FIGURE 1 | Methodology of the research.

of green buildings in China (Younger et al., 2008; Pradinuk,
2009).

In developed nations, there are many international
communities that are already working on NZEBs. However, in
underdeveloped nations like Pakistan, the energy consumption
of buildings was 44% from 2016 to 2017. The degree of energy
consumed in the building sector will be doubled in the year 2030
(Liu et al.,, 2014). Similarly, buildings also account for 43% of
greenhouse gas emissions and 75% of the electricity usage in
Pakistan (Jian et al., 2017; Zhang et al., 2017). More than 38%
of the total building energy is consumed in heating, ventilation,
and air conditioning. The energy needs of commercial buildings
account for a considerable part of the total energy consumption
(Chen et al, 2008). In Pakistan, hospitals account for 18%
of the energy use and they occupy 17% of the total non-
residential area [Pakistan Integrated Energy Model (Pak-IEM),
Ministry of Planning Development Government of Pakistan,
2011].

In order to solve this problem, one of the two solutions can
be used: minimizing the building energy usage or adapting the
renewable energy resources. Analysts believe that it is possible to
achieve 70% financial savings by applying better design strategies
and efficient tools during the building design phase (Rafique and
Rehmanb, 2017). Energy shortage in Pakistan is attributed to
an ever-increasing population size, followed by consumers being
subjected to frequent load shedding. Pakistan, being the sixth

most populous country in the world, makes up about 2.56%
of the total worldwide population (Khan and Pervaiz, 2013;
Raheem et al., 2016). Pakistan relies on fossil fuels to fulfill its
energy demands and has to spend 20% on crude oil imports
(Haves, 2019). Additionally, energy demand is growing by 8-
10% annually, in contrast to an annual supply growth of only 7%
(Farooqui, 2014).

By reviewing the literature, it can be inferred that
the development of NZEBs is not a common practice in
underdeveloped countries. Likewise, there are no set regulations
and targets related to renewable energy usage in the building
sector. Also, only a few studies were based on the actual
measurement performance and efficiency of NZE hospitals in
Asia and none in Pakistan. Furthermore, the previous studies and
pre-existing energy planning modules neglect the importance
of renewable energy for the commercial sector in Pakistan.
Therefore, the ensuing renewable energy solutions are actually
deterministic. Furthermore, the International Energy Agency
(IEA) has outlined 13 tasks for the development, performance,
and analysis of NZEBs in (OECD) countries. Pakistan is not an
associated member of the IEA. Therefore, there is a dire need for
research on energy-efficient non-residential buildings as per task
47, which is not available in Pakistan (Fritjof and Asplan Viak,
2014). Hence, the current research will be a feasibility analysis
of an efficient and effective grid-connected NZEB model for
a hospital using efficient optimization techniques along with
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intelligent simulation and modeling methods in accordance with
the IEA standards in Pakistan.

The developed model of the NZE hospital would be used
during the building and community project planning stages.
Also, it will guide decision-makers toward much more efficient
energy options and will attract investors toward a better
adaptation of RE at the community level in Pakistan.

Key objectives of current research are as follows:

O To develop an approach for NZEB in a non-RE building
in Pakistan

O Analysis of economic indicators and design solutions that will
influence non-RE NZEBs

O Finding of an optimized NZEB design

O Feasibility of non-RE NZEBs in Pakistan.

This section is followed by six subsections as follows: building
design and site selection, estimation of thermal load of the
hospital building, description of the HOMER program, design
of hybrid microgrid NZEB, NZEB microgrid feasibility, and
optimization step.

METHODOLOGY

In this particular research, a hybrid microgrid NZEB is proposed
for the hospital building situated in Taxila, Pakistan. A complete
methodology is given in Figurel. The aim of the current
research is to minimize the electricity consumption expenditure
of the hospital by implementing RE techniques as well as to
check the feasibility of NZEBs for the Pakistani climate. So,
the total thermal load is calculated for a hospital located in
Taxila, Pakistan, using ASHRAE thermal load equations. Also,
an energy-efficient model is developed in HOMER Pro software
by using variables of NPC, operating cost, and payback period.
Later on, sensitivity analysis and optimization of the parameters
are performed.

BUILDING DESIGN

To design the building, the most important task was the selection
of a site in order to perform a feasibility analysis of NZEBs
in Pakistan.

Site Selection

On the basis of climate condition, Pakistan is divided into five
zones as shown in Figure 2A. However, the highest temperatures
range, i.e., 25-127°F exists in zone D (Salma et al., 2012).
Therefore, in this study, a hospital building is selected for the
conversion into NZEB in zone D in Taxila, and it has a latitude
of 33.43°N and longitude 72.8397°E. In Figure 2B, the solar
potential of Pakistan for different cities is highlighted. It can
be clearly seen that the selected zone has a high potential for
energy production and development of NZEBs in Pakistan (Solar
resource maps of Pakistan, 2019).

Zone ldentification and 3D Modeling

After selection of building type and site, a 3D model is designed
in Heat Cad software as shown in Figures 3A,B. Also, the real
building is illustrated in Figures 4A,B. In the current research,

the hospital building is comprised of five offices, a patient ward,
ICU, radiology, two laboratories, operation theater, pharmacy,
and washrooms. However, identification of zones is dependent
on the type of work, thermal conditions, and human comfort.

THERMAL LOAD ASSESSMENT

The current hybrid on-grid system is designed to meet the
electricity needs of a hospital building in Pakistan using solar
energy as an alternative energy resource in addition to a
conventional grid. The estimation of the thermal load is carried
out carefully, taking into consideration the load requirements
of the hospital building for the peak summer season. Design
parameters for the building are given in Table 1.

July is selected as a peak month due to the high thermal load
demand in the building. Design temperatures are selected on
the basis of set regulation of ASHRAE for hospitals. Also, for
estimation of thermal load of the building, external as well as
internal loads are calculated using ASHRAE standard equations
(Delisle, 2011; Lenoir et al., 2011; J, 2013) and the equation given
below (Sandeep, 2015).

Internal Load
i) Occupants load

Qsensivie = N X SHG (1)

Qlatent = LHG*N (2)

Where;

Qsensivle 18 the sensible heat gain/person (W).
Qlatent is the latent heat gain/person (W).

N is the total number of people present
conditioned space.

SHG is the sensible heat gain per person.

LHG is the latent heat gain per person.

in the

ii) Heat gain from lighting

Thermal load is estimated due to lighting is given in Equation (3):

1,000 umen
P = - ®3)

: : lumen
0.5 x lightemittedfromsouce="2*

Where;
P is power provided per unit area.

External Load
iii) Heat transfer through roof (Q roof)

Similarly, heat transfer through the roof is,

Qroof = CLTD x (T, — Tj) (4)

iv) Heat transfer due to infiltration (Qjn)
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FIGURE 2 | Zones classification of Pakistan. (A) Classification of zones on the basis of climate in Pakistan. (B) Classification of zones on the basis of solar potential in
Pakistan.

For estimation of sensible and latent heat transfer due to  due to infiltration is then calculated.
infiltration, firstly, the mass of infiltration is estimated by

Equation (5), and, using Equations (6, 7), the total heat transfer

Minfiltration = o X ACH x 3,600 ®
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(6)

Qinfsensible = Minfiltration*cp, m* (to — ti)

Qinflatent = Minfiltration*hfg*(Wo — Wi) (7)

where
T, is the outdoor dry bulb temperature
T; is the indoor dry bulb temperature
Cp,m is the Specific heat of the moist, infiltrated air
hg is the latent heat of vaporization of water
W, is the outdoor humidity ratio
Wi is the indoor humidity ratio.

v) Heat transfer due to walls (Qwan)

Heat transfer by the walls is estimated by ASHRAE Equation (8).
The Q,,qy is dependent on the contact temperature of the outer
and inner environment and wall material. In Pakistan, walls are
usually made of a number of layers. In the current buildings, walls
are composed of plaster and 255 mm face brick. The U value is

used in the overall summation of thermal resistance of each layer
of the wall where

Q = UpanxAyan* (To — Tj) (8)

and

U, a1 is the overall heat transfer coefficient.

A,yan is the area of the wall.

T, — Tii is the temperature difference between the outside and
inside of the wall.

vi) Heat transfer through glasses (Qg)

Heat transfer by glass is high due to sun rays. Diffused or
radiated sunrays play a major role in heat transfer. However,
the heat transmitted is dependent on the wavelength of ray
and compositional properties of glass. Qg is calculated by
Equation (9)

Q = Agiass [Ugiass (To — Ti) + (SHGFxSC)] )
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FIGURE 4 | Selected hospital building. (A) 3D model of the building. (B) Real hospital building.

) Operation Theater

(2) Exterior view

where

Uglass is the overall heat transfer coefficient

Aglass s the area of the wall

T, — Tj is the temperature difference between the outside and
inside of the wall

SHGEF is the solar heat gain factor

SC is the shading coeflicient.

The sensible load, latent load, heat transfer by walls, doors,
infiltration, appliances, and ventilation of each zone of the
hospital is tabulated in Table 2.

So, the estimated total thermal load of the hospital building
ought to be 51TR. Furthermore, the NZEB model of the
selected hospital buildings will be developed in HOMER
Pro software to check the feasibility and profitability of the
hybrid NZEBs. In Figure5, a proposed schematic for the
conversion of the selected hospital into a hybrid NZE hospital
is illustrated.

The proposed hybrid system consists of PV modules,
batteries, and a grid. The solar system will supply power
as an alternative power resource. Power generated by
solar modules will be stored by batteries. In case of a
shortage of power, to meet the load demand, the required
power will be fulfilled by the grid. Similarly, in the case
of excess power generation, power will be transmitted to
the grid.

HOMER PROGRAM

HOMER is one of the best tools for designing renewable-energy-
based systems. Moreover, it can simulate the operations of a
hybrid system for an entire year in time steps from 1min to
1 h. It also enables us to compare and evaluate the disadvantages
and advantages of economic and technical features. In HOMER,
the design process is performed in three steps: simulation,
optimization, and sensitivity analysis. In this paper, all three
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TABLE 1 | Design parameters of each zone in the hospital building.

Design parameters Zone 1 Zone 2 Zone 3 Zone 4
Offices Ward Radiology Laboratory OT Pharmacy Washrooms
01 02 03 04 05 Patient ICU General Special
Dimensions (ft) 2015 2015 2015 1515 1515 20*15 2015  20*15 156*15 2015 30*15 20*15 10*10
Outdoor temperatu re (°C) DB 40 40 40 40 40 40 40 40 40 40 40 40 40
WB 36 36 36 36 36 36 36 36 36 36 36 36 36
Inside temperatu re (°C) DB 25 25 25 25 25 24 24 24 24 24 22 22 26
RH (%) 60 60 60 60 60 60 60 60 60 60 60 60 60
Wall composition Outside surface film + Brick + Plaster + Inside surface film
U value of glass (W/mZ2K) 5.9
Shading coefficient for glass 0.64 (Single glass)
Infiltration 0.2 ACH (Assuming completely tight building)
Colored values are optimized and selected values for the proposed system.
TABLE 2 | Estimated thermal load for each zone in the hospital.
Zones Offices Internal Load (Watt) External Load(Watt)
Occupants Lighting Equipment Walls Roof Door Windows Infiltration
Zone 1 1 900 291.8 787 9,231 255 17 513 1,739
2 900 291.8 787 9,231 255 17 513 1,739
3 500 291.8 422 7,457 244 177 513 1,940
4 500 161 422 7,457 244 177 513 1,540
5 500 161 422 7,457 244 177 513 1,540
Patient ward 9,925 734 1,080 19,066 238 165 1,012 1,925
ICU ward 8,125 659 1,060 1,194 238 165 1,012 1,924
Zone 2 Radiology 720 270 976 9,435 290 154 167 1,434
G. Laboratory 700 310 965 1,053 255 177 513 1,639
S. Laboratory 700 240 780 1,053 255 177 513 1,639
Zone 3 oT 915 559 685 1,785 306 212 0 9,941
Pharmacy 690 298 308 9,599 238 165 177 4,224
Zone 4 Washrooms 450 170 220 8,467 198 210 476 2,091
Total load 39576.4 (39.57 kW) 137,585 (137.85 kW)

51TR (Ton of refrigeration)

processes are followed to get the best overview of the feasibility
of NZEBs in Pakistan.

MODEL DEVELOPMENT OF HYBRID NZEB
HOSPITAL BUILDING

NZEB model development of the current hospital building in
HOMER is illustrated in Figure 6. The yearly thermal load
and solar irradiation potential of the building are the input
parameters for HOMER.

Available Solar Radiations

For the NZEB feasibility analysis, the available solar radiations
are estimated for the selected location in Pakistan. For the
location of latitude 33.43°N and longitude 72.8397°E, maximum
solar radiation and average solar radiation were estimated to be

5.5 and 5 kWh/m?/day, respectively. The current position has
excellent solar potential for producing energy using PV for the
development of NZEB. Figure 7 shows solar radiation and a
clearness index profile by using HOMER Pro.

In this study, the first step was to estimate yearly thermal load
and defining peak load season. So, using statistical data obtained
by Solarimeter and performing simulation in HOMER Pro, the
daily load profile of the hospital in Taxila, Pakistan, was obtained
and is shown in Figure 8. According to estimated thermal data,
in the month of July, the energy demand is highest due to high
usage of air-conditioning. The monthly profile of thermal data is
given in Figure 8. Figure 8 also presents the highest and lowest
energy consumption in every month of the entire year.

Additionally, it can be seen that the hospital building
reaches an optimum energy consumption of about
177 kW in the summer months, ie., June, July, and
August. Figure8 shows the thermal load profile of each
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month simulated in HOMER Pro.

The total thermal Hourly Load Demand Curves

load estimated for the hospital building in Taxila is 53  The thermal load profile is generated for 24h, 365 days
Ton. This is the required need of air-conditioning of a year, in HOMER Pro. Thermal load profile depends on

the building.

calculated thermal data and input solar data of the selected
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FIGURE 8 | Thermal load profile of 53 ton hospital in Taxila, Pakistan.

location. There are various types of thermal loads, i.., fan,
CFL, printers, computers, ECG machine, BP apparatus, X-ray
machine, and TV, and they are used in hospital buildings. The
electrical load consumption of the building for 24 h is calculated.
Figure 9 shows scaled thermal load data 24h per day for the
entire year.

PV SYSTEM DESIGN

Solar radiation is converted directly into DC by using PV
modules. So, the deviation of the output of the electrical power
produced by PV modules is estimated using Equation (10).
The output energy of a PV module is dependent on several
parameters, including the following: the structure of cell type,
nominal performance of the PV panel, solar radiation, derating
factor, solar cell temperature, climatic conditions at the panel
area, temperature coefficient, and weather conditions (Fritjof and

Asplan Viak, 2014).

Gr

Ppy = Ypy X fpy < > [1+ap(Tc— Tcsre)] (10)

Gr,s1C

where;

Ypy is the rated capacity of the PV array, meaning its power
output under standard test conditions (kW),

fpv is the PV derating factor (%),

Gy is the solar radiation incident on the PV array in the
current time step (kW/m2),

Grsrc is the incident radiation at standard test conditions
(1 kW/m2),

ap is the temperature coeflicient of power (%/°C),

Tc is the PV cell temperature in the current time step (°C), and
Tcsrc is the PV cell temperature under standard test
conditions (25°C).
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Grid Information

In this study, PV panels and converters are two main components
of the system. A proposed system is designed, and it consists
of 220 kW PV modules and 226 kW converters shown in
Figure 9. According to the results, for the hospital building,
a peak load of 319.2 kW is observed. However, the average
electricity consumption is 3336.07 kWh/d.

Design of Solar Module

In this study, 220 kW solar modules are used in combination
with multiple PV solar panels. PV modules are polycrystalline
and have a maximum rated power of 250 W, a nominal tension of
29.8'V, and an operating current of 8.71 A. Also, the installation
cost of solar modules in Pakistan is thought to be 76,154 USD/kW
with a life of 25 years. In Table 3, all the design parameters for the
solar system are given.

Jinko solar manufacturers are the top-rated solar component
providers in Pakistan. Moreover, flat-plate PV modules can be
installed after the designing phase. The estimated capital cost
is $63,462, the replacement cost is $3,173, the O&M cost is
$1,7628/y, the hours of operation are 4,385/y, the PV penetration
is 29%, and the total lifespan of the modules is 25 years, as shown
in Figure 10. Also, Figure 11 explains the mean output of solar
modules (40.3 kW), maximum output (174 kW), and the capacity
factor of energy production (21.8%).

Converter

For the conversion of DC to AC, a converter is used. This
function is executed using a bidirectional energy converter within
a microgrid. As per the generated output, usage, and storage
factors of electrical energy in microgrid, the converter functions
as both a rectifier and an inverter. Usually, a converter has 80%

TABLE 3 | Solar system design parameters for hospital building.

Design parameters Estimated values

Manufacturer Jinko solar
Panel type Flat plate
Capital cost (USD) 63461.53
Replacement cost (USD) 31730.76
Operation & Maintenance cost (USD/year) 17628.20
De-Rating Factor (%) 85
Rated Capacity (kW) 250
Lifetime (years) 25
Slope (Degree) 24.5
Maximum power voltage (V) 30.3
Maximum power current (A) 8.21
Open circuit voltage (V) 35.5
Short circuit current (A) 8.21

efficiency and is evaluated on the basis of solar module selection.

Cconverter = Parray X 100/80 (11)

Cconverter = 22kWx 1.18 = 25.96 ~ 26kW (12)

A hybrid NZEB system is proposed when undergoing research in
order to share Peak thermal load. Moreover, nine converters of
26 kW capacities were selected for the PV field of 226 kW. The
initial cost of one converter is 18.35 USD/kW, and it provides an
efficiency of 90%.

Optimization Process
The aim of the current research was to obtain an optimized
hybrid NZE system for a hospital building. HOMER performs
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several optimizations under a range of input variables to
determine the effect of uncertainty. Optimization estimates the
optimal value of variables on which the system has the best
performance (Fritjof and Asplan Viak, 2014). HOMER gives the
best possible combination of modules that will fulfill particular
electrical and thermal loads (Jaman et al., 2010). Figure 12
shows a flowchart of the optimization process for obtaining an
optimized NZEB system for hospital building using HOMER in
this study.

For optimum results using HOMER software, the selected
variables are thermal load and solar data. For calculation of
discount factor, the discount rate is 15%,the rate of inflation is
6.8%, the fuel cost escalation rate is 4.10%, and the interest rate is
11% (Giyler and Lilienpthal, 2005; Tahir Masood and Shah, 2012;
Singh et al,, 2015) in Pakistan. Solar panels generally have a life

Mo,
»
Grid Electric Load # 1

336.7kWh/d
319.42kW peak
Converter

FIGURE 10 | Hybrid NZEB schematic for selected building in HOMER Pro.

between 25 and 30 years (Sen and Bhattacharyya, 2014). Table 4
shows constraints used in optimization.

RESULTS AND DISCUSSION

Economic evaluation for NZEB conversion of a hospital building
is performed by three main operations of HOMER software:
simulation, optimization, and sensitivity analysis. In the current
section, different obtained results will be discussed.

Cost and Production Details of PV Panels

and Converters

By way of careful analysis, the price of the 325W panel in
Pakistan is found to be $43.66USD. Additionally, the inverter
mean output is 37.4 kW, the capital cost $0.082 million, and the
production by PV panels ranged from 280,498 to 344,733 kWh
for different solar irradiances given in Table 5.

Influence of Economic Indicators on

Feasibility of Non-re NZEBs

In Table6, the NPC, operating costs, initial capital
costs, and sell-back rate are given. NPC ranges from
$20.41 to $21.63 million. The operating cost for
the whole installation is $0.151 million. However,
initial ~ capital cost is  $0.111 million. The sell-
back rate after adaptation of the NZEB system is
0.11 USD/kWh.

Optimized NZEB Design

Table 7 shows the best optimal values for the solar-powered
optimal system for the selected buildings in terms of the NPC,
operating cost, and capital cost.

The optimized NZEB system has a capital cost of $0.082
million, operating cost of $0.15 million, and an optimized
NPC value of $2.04 million. Additionally, the sell-back rate is
0.11 USDkW.

(MR N

PV Power Output

i

U 10 1

S N Sl - BN

S0

FIGURE 11 | PV power output of the proposed system.
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FIGURE 12 | Configuration of optimization of NZEB performance parameters.

TABLE 4 | Optimization constraints in HOMER Software.

TABLE 6 | Net present costs of the system for installation of NZEB.

Operating reserves as a percentage of hourly load 0.1
Operating reserves as a percentage of Peak load 0
Operating reserves as a percentage Solar Power 0.25
Output

Renewable fraction covered by the PV system 0-75%

TABLE 5 | Cost and production details of PV panels and converters for Pakistan.

NPC (MUSD) 21.30 21.39 21.63 20.41 20.49 20.81
Operating

Cost(MUSD) 0.156 0.156 0.159 0.149 0.151 0.152
Initial capital cost 0.111 0.111 0.111 0.111 0.111 0.111
(MUSD)

Sell back rate

in Pakistan 0.11 0.11 0.11 0.11 0.11 0.11

Capital Cost 81,226 81,226 81,226 81,226 81,226 81,226 Bold values are optimized and selected values for the proposed system. Colored values

(USD) are optimized and selected values for the proposed system.

Production 300,675 294,004 280,498 352,621 344,733 328,765

(kWh)

Converter 32.6 31.9 30.0 38.2 37.4 35.7

(Inverter mean TABLE 7 | Solar powered optimized system.

output in

Pakistan) (kW) Cost (MUSD)

Colored values are optimized and selected values for the proposed system. Capital cost 0.082
L. . . NPC 2.04

Electricity Generation Comparison Operating cost 015

Between PV and Grid

Figure 13 is a representation of the monthly -electricity
production by PV and grid. The green bar shows the power
generated by PV, whereas the orange bar represents power
produced by the grid. In the proposed system, 70.7% of the
production is due to PV and 28.3% is produced by the grid,
as shown in Figure 12. Total operational hours are 4,385 in a
year. In Pakistan, the unit price of electricity from the grid is
0.14 USD/kWh; however, the unit price of electricity obtained
by hybrid PV is thought to be 0.12 USD/kWh. Additionally,
the obtained total cost of production of electricity by the hybrid

system is ~$0.102 million. Though, initially, when the system
was operating only by grid, the annual cost of production of
electricity was $0.114 million. So, by installing the hybrid NZEB
system, an annual profit of 10.24% can be obtained. Similarly, in
another study of the optimization process for the estimation of
energy efficiency of drying plant. The use of a thermodynamics
laws analysis was 35.40% efficient, which is 10.11% more efficient
(Taner, 2015b).
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FIGURE 13 | Average monthly electricity production by PV and grid.
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FIGURE 15 | Results of payback period in HOMER Pro software.
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Feasibility of Commercial NZEBs in

Pakistan

The feasibility of any project depends on the percentage of the
profit and payback period. This section describes the feasibility
of commercial NZEBs in Pakistan.

Cost of Electricity (COE)

Figure 14 shows the surface plots of the cost of electricity (COE)
in HOMER Pro. The cost of energy is reduced with the increase
in the intensity of solar radiation. Also, the COE is reduced from
$0.135 to $0.128 million for selected buildings.

Payback Period

After the optimization of the system, the basic objective of the
research was to check the feasibility and profitability of the
proposed hybrid system. HOMER Pro software works as a black
box and simulates several input data. According to the results as
shown in Figure 15. The payback period of the proposed system
is 2.53y after the installation of the 185 kW hybrid PV system,
while the return on investment is 38.9%.

CONCLUSION

The current study is an economic evaluation and feasibility
analysis of hybrid microgrid NZEB. A hybrid PV power system
is created to supply energy to the hospital building located
in Taxila, Pakistan. The objectives were to decrease the total
electricity price and feasibility analysis of hybrid NZEBs in
Pakistan for non-residential buildings. To attain maximum
advantage from the proposed hybrid NZEB system, the designing
of the building, calculation of thermal load, simulation, and
optimization of the suggested hybrid microgrid NZEB were
all performed in HOMER Pro. An optimal range of design
parameters was acquired using thermal data and solar irradiance
as input. Additionally, an economic analysis was performed
to evaluate the feasibility of the proposed hybrid system over
the duration of 25y. The main findings of the current system
were as follows: solar radiation potential, operating cost, initial
capital cost, the energy produced by PV, payback period, and
net present cost. The optimal NPC of the proposed NZEB is
$20.49 million, the operating cost for the whole installation
of a hybrid NZEB system is $0.151 million, and the initial
capital cost is $0.111 million. By adaptation of the hybrid NZEB
system, the electricity unit price has dropped from 0.14 to
0.12 USD/kWh. The maximum electricity generation by PV
panels is 344,733 kWh. Consequently, the proposed hybrid
NZEB system is economically 10.24% more profitable than the
grid system only. Moreover, the proposed NZEB system has a
payback period of 2.53y, thereby making it a cost-efficient and
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NOMENCLATURE

Qs Sensible heat transfer

Ql Latent heat transfer

Qroof Heat transfer rate by roof

Qg Heat transfer rate by glass

Quall Heat transfer rate by walls
Minfiltration ~ Heat Transfer due to infiltration
P Power provided per unit area for lightning
Wi Inside specific humidity

Wo Outside specific humidity
NZEB Net Zero Energy Building

NZE Net Zero Energy

RE Renewable energy

LCC Life cycle cost

COE Cost of Electricity

NPC Net Present Cost

Subscripts

S Sensible

L Latent

e Exit
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