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ABSTRACT 
 

The HVAC system alone consumes over 20% of the world's total energy production, which 

has scared the engineering and research community to think about improving the system's 

energy efficiency because it can save a significant amount of energy. Acknowledging this, 

the goal of this Research is to improve the HVAC system so that overall energy 

consumption and associated costs can be decreased. This study provides a comparative 

analysis of HVAC results for a standard commercial building by evaluating the impact of 

different wall and roof insulation materials and thicknesses. The selected building model 

consists of seven stories, a basement, and a ground floor. It has an HVAC system equipped 

with split air handling unit(AHU). 

 

The HVAC loads, energy consumption, and the corresponding Energy costs were 

determined for the purpose of analysis, using Carrier HAP 6.2. Eight different types of 

insulation materials, each of different thickness, were analyzed for the walls as well as the 

roofs. The results obtained from the simulation revealed that the energy consumption and 

HVAC loads of the HVAC system depend upon the type and thickness of the insulation 

material. Among the different materials analyzed, Polyisocyanurate of 1-inch thickness 

insulation exhibited the best possible results for the Exterior walls and Cellulose of 4-inch 

thickness exhibited the best result for the Roof.  

 

It was discovered that the proposed building has a peak cooling load of 232.9 tons of 

refrigeration (TOR) and a peak heating load of 75.1 (TOR). During working scheduled 

operation, this structure uses 541630 kWh of electricity, which costs NRs. 5849603. After 

applying the wall insulation, 1-inch Polyisocyanurate the Cooling load dropped to 226.4 

(TOR) and heating load to 72.8 (TOR) with the change in Energy to 526610 kWh and 

Electricity cost to NRs.5687405. 

Similarly, with the addition of 4-inch Cellulose to Roof the Energy Consumption changes 

to 528050 and cost to NRs.5702916. On combined form to the wall and Roof the peak 

Cooling and Heating load was found to be 220.4 (TOR) and 71.2 (TOR) while Energy 

consumption and Cost found was to be 515763 kWh and NRs.5570227. 
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CHAPTER ONE: INTRODUCTION 

1.1 Background 

Heating, Ventilation, and Air Conditioning(HVAC) is a mechanical system that regulates 

the temperature, humidity, and airflow in a building or other enclosed area. HVAC system 

are extensively utilized in residential, commercial, and industrial environments for both 

comfort and protection from the elements or the consequences of inadequate air circulation, 

as well as for sufficient ventilation through the control of the exchange of indoor and 

outdoor air. For maximizing the building energy efficiency HVAC systems are very crucial. 

Lowering global energy consumption levels, Limiting HVAC load is very critical. 

(V.Nagda, 2022) 

According to surveys, building activities account for 27% of all energy sector emissions 

and 30% of worldwide energy consumption, making up a sizable share of the world’s 

energy consumption (Pan, 2023). Building are the major source of energy consumption and 

account for 48% of energy consumption. HVAC energy utilization in commercial 

buildings, as opposed to residential ones, usually entails intricate HVAC configurations 

that may consist of several subsystems with complementary roles. Space heating makes up 

around 45% of all commercial building HVAC energy usage, according to the U.S. Energy 

Information Administration (EIA). HVAC is the main source of energy use in the majority 

of commercial buildings, frequently making up 40–60% of the total. An estimated $175 

billion will be spent on energy-efficient commercial building worldwide in 2023. Over the 

following five years, this industry is expected to increase at a compound annual growth 

rate (CAGR) of almost 7%, reaching a projected value of $250 billion by 2028 (Francis, 

2025) 

In building industries energy saving HVAC play a very crucial role in increasing energy 

efficiency. With the advancement of HVAC system Engineering has evolved to include 

more energy-efficient technology. Walls and roof of a building and its thermal 

characteristics have a significant impact on HVAC system performance and also its 

efficiency. HVAC load analysis determines how much heating or cooling is needed to 

maintain comfortable indoor temperatures. This technique considers factors such as 
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building size, orientation, occupancy, internal heat gains, and, most critically, the amount 

and type of insulation used in the walls and roof.  Adequate insulation reduces undesired 

heat transmission, lowering the HVAC load and energy consumption. 

To keep the interior rooms, warm in the winter and cool in the summer, walls and roof 

insulation act as a heat barrier. Insulating the walls and roof can significantly reduce overall 

energy loss, resulting in the lower operational loads for HVAC systems and corresponding 

energy savings. For the determination of the effective insulation it is identified by its 

thickness and material-specific thermal resistance (R-value), which affects the amount of 

energy saved. 

Fiberglass, Cellulose, Polystyrene, Mineral wool, and Advanced foams are all insulation 

materials that can be used in building structures.  Each material has unique thermal 

properties, environmental impacts, installation requirements, and costs.  For example, 

while fiberglass is inexpensive and widely used, contemporary materials such as extruded 

polystyrene (XPS) or closed-cell spray foam offer higher R-values and enhanced moisture 

resistance at a higher price. 

Insulation of building envelopes, both opaque and transparent, might be one of the most 

crucial strategies for building energy saving. The most crucial components of energy-

efficient homes are insulation for the walls, roof, attic, basement walls, and even the 

foundation. In a commercial building for the decrease in the HVAC load and energy costs, 

Insulation materials play a very important role as insulation have a direct impact on the 

thermal performance of the building envelope, which ultimately influence how much the 

heating or cooling must deliver. For lower heat transmission through walls and roof the 

insulation should be well-chosen, lowering indoor temperature variations and reducing the 

need for HVAC system to compensate for external temperature extremes. 

ASHRAE provides several HVAC system size calculation approaches, including the 

Cooling Load Temperature Difference (CLTD), Transfer Function Method (TFM), Heat 

Balance Method (HBM), and Radiant Time Series (RTS) Method. Conversely, exact 

application of manual calculations is challenging. To help with HVAC system design, 

planning, and simulation, a variety of software applications have been created. 
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1.2 Statement of problem 

 

Heating, Ventilation, and air conditioning (HVAC) systems account for a significant share 

of the global increase in commercial building energy use. Due to insufficient insulation, 

commercial building demonstrates uncontrolled energy consumption that result in the 

higher utility bills. Numerous number of insulation are available with their respective 

thermal, economic, and environmental qualities. Due to lack of concord data materials 

provide the most effective balance of performance and cost under diverse climate and 

building situations. To maximize the benefits of the HVAC system for thermal comfort, 

the best insulation must be selected after calculating the HVAC load, energy consumption, 

and consequently energy cost. material to reduce HVAC load and energy expenses. The 

efficiency and operating costs of HVAC systems are directly impacted by the thermal 

performance of the building envelope, particularly the insulation used in walls and roofs. 

Despite the widespread availability and use of many insulating materials, major 

ambiguities remain about their comparative impact on HVAC load, overall energy 

consumption and the cost-effectiveness. 

 

1.3 Objective 

1.3.1 Main Objective 

 The main objective of this research is to compare different types of insulation to 

walls and roof in a commercial building based on HVAC load, Energy Consumption, and 

Energy Cost. 

1.3.2 Specific Objectives 

The specific objective of this thesis are: 

i. Analyze how various insulation materials lower the HVAC load and Energy 

Consumption. 

ii. Evaluate the cost effectiveness of different insulation types in terms of 

electricity savings. 

iii. Determine the best insulation material combinations for energy efficiency 

and cost effectiveness. 
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1.4 Limitations 

The limitations of this thesis are: 

i. This study is based on simulated findings from Carrier HAP 6.2. 

ii. This research is based on a single commercial building model. 

iii. The study assumes fixed working hours (e.g., 9 AM-5 PM, six days per week). 

iv. The weather data utilized is limited to Kathmandu and may not reflect variances in 

microclimates or future climate change. 

v. Only certain insulating materials and thicknesses were analyzed. 

vi. Energy costs are calculated using a set electricity rate (NRs. 10.8/kWh). 

vii. The analysis focuses only on energy expenditures and does not account for 

installation, lifespan, or maintenance costs of insulating materials. 
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CHAPTER TWO: LITERATURE REVIEW 

 

One of the very big energy consumers is a Commercial Building, with heating, ventilation, 

and air conditioning (HVAC) loads accounting for a large part of overall energy 

consumption. HVAC in a commercial building i.e. Hospitals are placed for maintaining 

precise temperature, humidity and air quality for patient safety. The best way for lowering 

the HVAC loads, energy consumption, and expenses is by placing the insulation in walls 

and roof. Various insulation materials are available and various research are being done to 

provide critical insights for improving building performance. 

 

2.1 HVAC System Operation within a Building 

Operation of HVAC system in a building is done by regulating indoor temperature, air 

quality, and humidity to maintain comfort for occupants. 

Working of this HVAC display the entering of outside fresh air to the building via a 

controlled intake and then flow through manual and motorized dampers to regulate airflow 

before being filtered and conditioned by the AIR Handling Unit (AHU). 

After the air get treated it is to be distributed to various rooms and is done via supply ducts, 

while the used air is collected back to the AHU through return ducts for re-conditioning. 

Separate exhaust systems are used to remove humid or contaminated air from bathrooms 

and kitchen to maintain good air quality directly to the outside, for ensuring a continuous 

circulation of clean, comfortable air throughout both floors of the building. (Bhaveshk, 

2024). 

During cooling, a compressor compresses low-pressure refrigerant gas, which is then 

condensed into a high-pressure liquid that releases heat outdoors; this liquid refrigerant 

then expands and evaporates inside coils, absorbing heat from indoor air and cooling it 

before the blower distributes the chilled air through ducts. 

During heating, the furnace or boiler generates heat by burning fuel or using electricity, 

which warms air circulated throughout the building by the blower through ductwork. 
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Figure 2.1: Air distribution in a building (Bhaveshk, 2024) 

2.2 HVAC load and Energy Consumption 

HVAC load refers to the amount of work any system must do to keep the structure 

comfortable.  

The quantity of heat energy needed to keep a space's temperature within a suitable range is 

referred to as heating loads. Conversely, cooling loads are the quantity of heat energy that 

must be extracted from a space in order to keep the temperature within a suitable range. 

(Frederick, 2025) 

To make sure getting the right capacity, it's crucial to learn more about these three types of 

HVAC equipment before making a purchase. 

➢ Design load: Directly linked to the designated design specifications The typical 

load under expected conditions used for system sizing. 

➢ Extreme load: Refers to the hottest and coldest temperatures any given place 

experiences. 

➢ Part load: Take into consideration the average requirements for cooling or heating 

during an average day. (rinaldi's air conditions) 

Three different forms of time-dependent heat flow rates are used in air conditioning design:  

1. Gain or loss of Heat. 

2. Heating or Cooling Load. 

3. The rate of heat addition or extraction.  
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The quantity of heat that enters a place from a source that may produce and transfer heat is 

known as heat gain. There are two distinct kinds of heat gains in terms of the sources of 

generation.  

1. Sensible Heat Gain: The direct Heat accumulation within a space through radiation, 

convection, or conduction without altering Water vapor content is known as sensible heat 

gain. Temperature variations are caused by sensible heat gains. 

2. Latent Heat Gain: Latent heat gain is the energy that is added to a place by moisture 

addition, such as vapor released by occupants or air infiltration from the outside. (Meredith, 

1998) 

Commercial buildings are complex systems with numerous parts that use energy in 

different ways. The U.S. Energy Information Administration (EIA) estimates that 

commercial buildings use around 19% of the country's total energy. Opportunities for cost 

savings and efficiency gains can be found by knowing the precise locations where energy 

is used. 

Primary energy consumers in commercial buildings (Dmytriyeva, 2024) 

➢ HVAC systems (approximately 40% of total energy use) 

➢ Lighting systems (approximately 14% of total energy use) 

➢ Office equipment and plug loads (approximately 10–15%) 

➢ Heat rejection systems (approximately 13%) 

➢ Elevators and escalators (approximately 9%) 

➢ Domestic hot water systems (approximately 4–7%) 

Calculating the amount of energy used in homes that are still under construction or are 

being retrofitted makes it possible to determine design fees more precisely and to determine 

the most accurate gadgets that may be used in a room (restricted zone) or home. (Sousa, 

2012) 
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2.3 Thermal Insulation and Its role in Building Energy Efficiency 

In this modern era of building construction thermal insulation is very important and play a 

very important role for creating energy-efficient environment. Thermal Insulation helps to 

maintain comfortable indoor temperature year-round by minimizing the transfer of heat 

through the building envelopes where the insulation is applied. Insulation to the building 

envelopes acts as a barrier that block or reduces the movement of heat between the inside 

and outside of a building. By lowering the need for heating and cooling, insulation helps 

maintain a steady interior temperature. Installing insulation reduces energy consumption 

and improves energy efficiency, which is essential for comfort and cost savings. 

Air is trapped inside the structure of insulation materials. Heat flow is resisted by this 

trapped air, which slows it down. The R-value of various materials indicates how well they 

insulate. Better insulation is indicated by higher R-values. By installing enough insulation, 

buildings become more energy-efficient by reducing the amount of heat that departs in the 

winter and enters in the summer. (Chawla, 2024). Buildings lose 50% of their heat through 

external walls, 20% through roofs, 20% through windows and doors, and 10% through 

basement and foundation walls. Your building's thermal insulation provides more effective 

use of energy and natural resources while cutting your heat and electricity costs by 50%. 

(teknopanel, 2026) 

2.4 Heat Gain and Cooling Load Calculation Methods 

Energy forecasting is necessary for the HVAC system's design, commissioning, operation, 

and management. Simulation is also used to evaluate control approaches and optimization 

algorithms in Energy Management and Control Systems (EMCS).  

models. Building energy and HVAC system simulation systems depend on prediction 

models for heating and cooling loads. The primary factor influencing cooling and heating 

loads and a major contributor to a building's energy needs for HVAC systems is heat 

transmission through the building. A transient thermodynamic analysis of heat flow in 

building constructions is necessary for the thorough assessment of energy consumption and 

dynamic modeling of the HVAC system. (Kalogirou, 2014) 
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2.4.1 Conduction Transfer Function Model 

Building cooling load and energy calculations frequently use conduction transfer functions 

(CTFs) to compute conduction heat transfer. Conduction calculations can be easily 

performed using any load and energy calculation method. (Youming Chen, 2006) 

The CTF method expresses the heat flux (heat flow per unit area) at the inside and outside 

surface of a building element as a linear combination of current and past surface 

temperature and past heat fluxes. It converts what is essentially a transient heat conduction 

problem into a time series linear equation with constant coefficients, called the conduction 

transfer function coefficients. These coefficients are calculated once for each wall or 

construction type, enabling fast computation during simulation without repeatedly solving 

differential heat conduction equations.  

Conduction heat transfer is typically treated as a one-dimensional, transient process with 

constant material properties in energy analysis, building modeling, and cooling load and 

energy calculations. Equation (2.1) displays the simplified heat diffusion equation in 

Cartesian coordinates. 

 
∂2𝑇(𝑥,τ)

∂x2 =
1

α

∂T(x,τ)

∂τ
  ……………………………………………………………. (2.1) 

where T, x, α and τ are the temperature, heat flow direction, thermal diffusivity and time, 

respectively. 

 Equation (2.2) of Fourier's law describes the conduction heat flux in terms of the 

material's thermal conductivity and temperature gradient across a differential thickness. 

 

 q = -k
∂T(x,τ)

∂x
  …………………………………………………………………. (2.2) 

 where q and k are heat flux, thermal conductivity, respectively. 

Equations (2.3) and (2.4) illustrate how the method yields a straightforward linear equation 

that represents the current heat flux in terms of the current temperature and temperature 

and heat flux histories. 

qo,Ɵ = -∑ 𝑌
𝑁𝑦
𝑛=0 nTis,Ɵ-nδ + ∑ 𝑋𝑁𝑥

𝑛=0 nTos,Ɵ-nδ + ∑ Ф𝑁Ф
𝑛=1 nqo,Ɵ-nδ……..……..…..... (2.3) 

qi,Ɵ = -∑ 𝑍𝑁𝑧
𝑛=0 nTis,Ɵ-nδ + ∑ 𝑌

𝑁𝑦
𝑛=0 nTos,Ɵ-nδ + ∑ Ф𝑁Ф

𝑛=1 nqi,Ɵ-nδ…………………..  (2.4) 
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where, qo,Ɵ and qi,Ɵ represent the heat flux at the outer and interior surfaces, respectively. 

Surface-to-surface exterior, cross, and interior CTF coefficients are denoted by Xn, Yn and 

Zn respectively. The internal surface temperature is denoted by Tis, while the outside 

surface temperature is denoted by Tos. The numbers of exterior, cross, and inner CTF terms 

are denoted by Nx, Ny, and Nz, respectively. The flow coefficient is denoted by φn. The 

number of flux history terms is Nφ. The time step is denoted by δ, while the current time 

is represented by the subscript θ. A current value is indicated by the zero subscript. 

2.4.2 Cooling Load Temperature Difference Method(CLTD) 

This is a manual load calculation procedure that produces cooling load on an hourly basis 

if desired. The CLTD approach uses cooling load factors (CLF) for internal heat sources, 

solar cooling load factors (SCL) for solar gain through windows, and a temperature 

difference (CLTD) for walls and roofs. The CLTD, SCL, and CLF change with time and 

depend on the building's specifications and the surrounding environment.  

For walls and roofs, 

   q0 = UA(CLTD)………………………………………………. (2.5) 

Where,  

 U = overall heat transfer coefficient, Btu/(hr- 𝑓𝑡2-F) or W/(𝑚2-C) 

 A = area, 𝑓𝑡2 𝑜𝑟 𝑚2 

 CLTD = temperature difference which gives the cooling load at time Ɵ, F or C 

For Solar gain through glass, 

   q0 = A(SC)SCL0………………………………………………. (2.6)  

where, 

 A = area, 𝑓𝑡2 𝑜𝑟 𝑚2 

 SC = Shading coefficient (internal shade) 

 SCL0 = Solar cooling load factor, Btu/(hr- 𝑓𝑡2-F) or W/(𝑚2-C) 
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For Internal heat gains, 

  q0 = qi(CLF) 0……….......................................................................... (2.7) 

where,  

 qi = instantaneous heat gains from lights, people, and equipment, Btu/hr. or W 

 CLF0 = Cooling load factor for time Ɵ 

Calculations for every hour of the day take too much time when done by hand. In this 

situation, it is possible to estimate the time of day when the cooling demand will be at its 

highest. In actuality, it might be necessary to identify two distinct kinds of peaks. The air 

amount for each room must first be calculated using the peak load time for that room. 

Second, a central unit's size depends on the peak load time for a zone it serves. Cooling 

load estimations should be done during these peak periods. Together with the orientation 

and physical attributes of the room or space, the tables of CLTD, SCL, and CLF values are 

used to estimate when the peak load will occur. (Ali Vedavarz, 2007) 

2.4.3 Radiant Time-Series Method 

A simplified technique for determining design cooling loads based on the heat balancing 

(HBM) method is the radiant time series (RTS) approach. All other simplified (non-heat 

balance) methods, such as the transfer function method (TFM), the cooling load 

temperature difference/cooling load factor (CLTD/CLF) technique, and the total equivalent 

temperature difference/time averaging (TETD/TA) method, are virtually eliminated. This 

technique was developed to offer a rigorous method that measures each component's 

contribution to the overall cooling load without requiring iterative computations. 

(D.Spitler, 1997). 

Two time-delay effects that are present in building heat transfer processes must be taken 

into account when calculating cooling loads. The RTS approach multiplies hourly heat 

gains by 24-hour time series to account for both conduction time delay and radiant time 

delay effects. 
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General procedure for calculating cooling load is as follow: 

• Determine the component heat gain profile over a 24-hour period for the design day 

(for conduction, use conduction time series to account for conduction time delay). 

• Divide heat gains into convective and radiative components. 

• To account for the time delay in conversion to cooling load, apply the proper radiant 

time series to the radiant portion of heat gains. 

• To calculate the cooling load for each hour for each cooling load component, add 

the convective and delayed radiant parts of heat gain. 

Once the cooling loads for each component have been calculated for each hour, add them 

up to find the overall cooling load for each hour. Then, choose the hour with the highest 

load for the air conditioning system's design. 

The conductive heat gains for the surface, qƟ, for any given hour are obtained by 

multiplying the total response factors by the temperature differential throughout the 

surface. ⁠ Ɵ. 

qƟ = A∑ 𝑌23
𝑛=0 Pn(te,Ɵ-nδ-trc)……………………………………………………..…. (2.8) 

where YPn = nth response factor;  

A = surface area, 𝑓𝑡2 𝑜𝑟 𝑚2;  

qƟ = conductive heat gains for the current hour, Btu/h (W), for the surface;  

trc is the presumed constant room air temperature, ˚F (˚C), and  

te,̟-nδ is the sol-air temperature, ˚F (˚C), n hours ago. 

 

The hourly radiant heat gains are converted to hourly cooling loads using the RTS method.  

According to Equation, the radiant portion of hourly heat gains is converted to hourly 

cooling loads using the radiant time series that is thus produced. 
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2.4.4 Heat Balance Method 

The Heat Balance Method addresses how mass, conduction, convection, and radiation 

interact. Mass can be absorbing energy in one form (radiation) while giving off energy in 

another form (convection). Because air is transparent, radiation does not impact air in a 

room (practically speaking, we are ignoring how a large amount of air and air chemistry 

can impact radiation, such as the earth's atmosphere). The ASHRAE Heat Balance Method 

is the most comprehensive, physics-based method available today. It forms the foundation 

of Energy Plus, DOE-2, and other modern simulation engines, and it’s also at the core of 

our Buildings AI load & energy simulation engine. 

 

 

 

 

Heat Gain: 

Instantaneous rate at which heat enters or is generated in a room. 

Heat is transferred into a room by: 

-Conduction 

-Convection 

-Radiation 

To calculate the sensible cooling load for our room we need to determine the convection 

from internal heat generators, such as people, lights and equipment, we need to determine 

the convection from surfaces in the room (we need to know the surface temperatures first 

in order to do that), and we need to determine the contribution from infiltration.  Summing 

the results of all three and that gives us our room sensible cooling load. 

The Heat Balance Method solves for a room cooling load by writing heat balance equations 

for every surface in the room.  Those heat balance equations include every conduction, 

convection and radiation process associated with a surface.  In addition, a heat balance is 

Heat Gains Cooling Load Conditioning 

Conversion Conversion 

Figure 2.2: Heat balance process flow diagram 

https://www.simulationhub.com/buildings-ai
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written for the room air mass.  Because all of these heat balance equations are interrelated, 

they must be solved simultaneously to determine the temperatures and heat flows at each 

surface.  That allows us to calculate the sensible load for the room. Explicitly calculating 

the radiation heat flows is one of the elements of the Heat Balance Method that is not 

present in the other simplified methods that have been used in the past.  And that is one of 

reason why Heat Balance Method can provide results that are more faithful to building 

physics and can be more accurate. 

Outside surface heat balance  

q"sol + q"LWR + ho (To - Tso) = q"cond ………………………………………………… (2.10) 

Conduction through wall 

q"cond,t = ∑ 𝑋𝑛
𝑗=0 jTo,t-j + ∑ 𝑌𝑛

𝑗=0 jTi,t-j+∑ 𝑍𝑛
𝑗=1 jq"cond,t-j………………………………. (2.11) 

Inside surface heat balance 

q"cond + q"sw + q"LWX = hi(Tsi-Tz) …………………………………………………… (2.12) 

Zone air Heat Balance 

∑ ℎiAi(Tsi - Tz) + msyscp(Ts-Tz)+minfcp(To-Tz)+Qint = 0 …………………………….... (2.13) 

Where, 

• qsol′′ = absorbed solar radiation  

• qLWR = net long-wave radiation (sky + surroundings)  

• ho = outside convective heat transfer coefficient  

• To = outdoor air temperature  

• Tso = outside surface temperature  

• qcond= conduction heat flux into wall  

 

-Xj,Yj,Zj = conduction transfer function coefficients  

- To,Ti = outside and inside surface temperatures  

- t−j = previous time steps 
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- qSW′′ = absorbed short-wave radiation (solar inside)  

-q''LWX = long-wave radiation exchange with other surfaces  

-hi= inside convective heat transfer coefficient  

-Tsi = inside surface temperature  

-Tz = zone air temperature 

-Ai = surface area  

-msys = supply air mass flow rate  

-Ts = supply air temperature  

-minf = infiltration air flow rate  

-Qint = internal heat gains (people, lights, equipment)  

-cp = specific heat of air 

 

To use the Heat Balance Method, you have to solve the equations for the heat balance of 

the outside surface, the inside surface, and the zone air all at once. These equations use 

conduction (through conduction transfer functions), convection, and radiation heat transfer 

methods to figure out the heating and cooling loads of a building. (T.Agami Reddy, 2017) 

 

2.5 Simulation Models for Evaluating Energy Consumption 

Simulation approaches for assessing energy consumption in buildings rely on complex 

whole-building energy modeling software that incorporates thermal, HVAC, lighting, and 

occupant behavior dynamics. These models assist in predicting how design decisions, 

insulation, systems, and operational techniques affect energy consumption, comfort, and 

efficiency. (Jingjing An, 2019) 

Over time, improvements have been made to building energy simulation software tools in 

addition to building materials and construction methods. There are currently a number of 

energy simulation software programs available, each with varying degrees of 

sophistication and variable responsiveness. The HAP, Energy Plus, ESP-r (Energy 

Simulation Software tool), IDA ICE (Indoor Climate Energy), IES-VE (Integrated 

Environmental Solutions - Virtual Environment), and TRNSYS are some of the most 

comprehensive simulation software programs. (Sousa, 2012) 
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From the given list of energy simulation tools in this, research HAP as energy simulation 

tool were used. 

2.5.1 HAP (Hourly Analysis Program) 

 The Carrier Hourly Analysis Program (HAP) is a widely used HVAC system design 

and energy analysis software developed by Carrier Global Corporation. HAP helps 

engineers design commercial buildings' HVAC systems. HAP is a combination of two 

tools. It is first used as a tool for HVAC system design and peak load calculations. It is also 

a tool for estimating energy expenses and simulating energy consumption. For load 

estimates and comprehensive hour-by-hour energy simulation methods, HAP employs the 

ASHRAE Heat Balance Method. HAP determines the necessary sizes for HVAC system 

components by calculating peak cooling and heating loads for commercial buildings. By 

simulating building operation for each of the 8,760 hours in a year, HAP determines annual 

energy use and energy expenses for HVAC and non-HVAC energy consuming systems in 

a project. 

Building loads are calculated for three different purposes in HAP: 

➢ For design cooling conditions in order to size cooling equipment. 

➢ For design heating conditions in order to size heating equipment. 

➢ For observed hour by hour operating conditions during energy modeling 

calculations to determine annual energy performance. 

HAP offers tools that make it easy to compare the energy costs of various HVAC design 

options throughout both the project's preliminary and detailed design phases: 

1. The purpose of energy modeling during a project's preliminary or schematic design phase 

is to swiftly assess the energy cost performance of numerous design options in order to 

select a limited number of designs with the best performance for more, in-depth research. 

2. The objective of energy modeling during a project's detailed design phase is to 

thoroughly examine and improve the design. 
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2.6 Types of Wall and Roof Insulation Materials 

As known already that insulation reduces the heat transfer and energy consumption 

ultimately the cost. Using the insulation in wall and roof is the appropriate place for using 

it for maximum energy consumption. Choosing the right insulation for wall and roof can 

also be the another best way for maximizing the energy consumption. Choosing the right 

insulation depends on application, climate, budget, and installation constraints. For roof 

and wall the following insulation materials can be taken as a references and analysis are to 

be done for all to choose the best and appropriate insulation materials. The Insulation 

materials are: 

1. Expanded Polystyrene (EPS).    5.Mineral wool Batt. 

2.Extruded Polystyrene (XPS).    6.Cellulose. 

3.Polyisocyanurate (Polyiso/PIR).    7.Spray Foam (Open cell). 

4.Fiberglass Batt.      8.Spray Foam (Closed cell). 

2.7 Annual Energy Cost Calculation 

The annual energy cost can be computed as the sum of monthly energy costs. The service 

charge and unit cost of power vary based on the installed energy meter size. In this paper, 

we used a rated household system to calculate costs.  

Monthly costs can be computed as follows: 

Costi = S + U * R…………………………………………………………………….. (2.14) 

 Annual Cost = ∑ 𝐶𝑜𝑠𝑡𝑖𝐷𝑒𝑐
𝑖=𝑗𝑎𝑛 ……..……………………………………….…...…….. (2.15) 

 Where, 

 Costi = Energy Cost for month i, 

 i = Jan, feb, mar…dec,  

S = Service Charge (varies as per the Ampere rating of supply line and unit consumed),  

U = Unit of electricity consumed, kWh,  
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R = Rate of electricity per unit (varies as per the Ampere rating of supply line and unit 

consumed), 

2.8 Previous Research 

Changing the building envelope materials (like walls, roofs and windows) affects the 

HVAC load, annual energy consumption and energy cost of a proposed residential building 

in Bhaisepati, Lalitpur, Nepal. Initial design had high HVAC loads (5.15 TOR heating, 5.65 

TOR cooling), annual energy uses of 55,244 kWh, and energy cost of NRs. 710,191. By 

selecting and optimizing envelope materials with the lowest energy use intensity (EUI), the 

final design reduced peak HVAC (to 2.76 TOR heating, 3.63 TOR cooling), annual energy 

use (to 37,420 kWh), and annual cost to NRs .478486. (Thapa, 2020) 

Table 2. 1 Comparison of Proposed and Optimized Design 

Description Initial Final Reduction 

Peak Heating Load, 

TOR 

5.15 3.63 30% 

Peak Cooling Load, 

TOR 

5.65 2.76 51% 

EUI, kWh/ 𝑓𝑡2.yr 40 29 28% 

Annual Energy Use, 

kWh 

55,244 37,420 32% 

Annual Energy 

Cost, NRs. 

7,10,191 4,78,486 33% 

 

The building's HVAC equipment was sized based on the HVAC peak demand. Both 

summer and winter HVAC loads were calculated. Energy use intensity has been computed 

and a 24-hour operation plan has been taken for annual energy consumption in order to 

compare energy consumption. 

A window ratio of 0.3 in the east, west, and north directions, together with two thirds of 

the window height shade and triple pane, were discovered by running the simulation with 

different windows on each face. Low-E glass was chosen for building optimization since 

it produced the least amount of energy use intensity. In a similar manner, the wall 
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simulation was conducted with all variables held constant. R38 wood walls produced the 

lowest EUI, however as they are not built in Nepal, reinforced concrete has been taken into 

consideration while building walls. R60 insulated roofs produced the lowest EUI, but they 

are uncommon in Nepal, so a 4" uninsulated concrete roof was selected for the final design 

even though it produced a high EUI. 

 

Figure 2.3: EUI at Different Design option for window (Thapa, 2020) 

 

Figure 2.4: EUI at Different Design Option for wall (Thapa, 2020) 
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Figure 2.5: EUI at Different Design Option for Roof (Thapa, 2020) 

Using eQUEST, a simulation to obtain building energy consumption data for a range of R-

values of walls, roof, and windows of a typical two-story single-family home in the United 

States in two climate zones (Detroit, Michigan cold; Miami, Florida hot), it is possible to 

quantify the impact of insulation of different parts of building envelopes on building energy 

consumption. The results show that: 

In cold climate (Detroit, Michigan)  

➢ Walls contribute for approximately 25.5% of annual heat loss. Maximally 

insulating walls can save up to 25.5% on space heating energy and 11.9% on overall 

home energy. Diminishing returns: Increasing wall insulation over R-40 (US) 

provides little incremental economic benefit. 

➢ In Roof insulation compared with the base-case roof insulation consume 22% more 

energy respectively. Diminishing returns: increasing roof insulation over R-80 (US) 

reduces less than 5% of annual heating and cooling energy. (Kim, 2009) 
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Figure 2.7: Energy Consumption Rate Vs R-

value of Wall (Detroit, Michigan) (Kim, 2009) 

In hot climate (Miami, Florida) 

➢ Wall insulation does not influence home energy consumption, when R-19 (US) wall 

insulation increases less than 5% of home energy consumption. When wall 

insulation is R-30 (US) home energy consumption decreases less than 2%. 

➢ In roof insulation in the range R-10 and R-80 (US) does not influence home energy 

consumption unless roof value R-value is extremely low, less then R-10 (US) for 

instance, addition roof insulation does render significant energy benefits.  

 

Figure 2.9: Energy Consumption Rate Vs R-

value of walls (Miami, Florida) (Kim, 2009) 

 

 

Figure 2.6: Energy Consumption Rate Vs R-

values of Roofs (Detroit, Michigan) (Kim, 2009) 

Figure 2.8: Energy Consumption Rate vs R-

value of roofs (Miami, Florida) (Kim, 2009) 
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When comparing energy consumption in different insulating scenarios: The energy 

consumption and heating/cooling loads of mid-rise residential buildings were determined 

using Kabul city version 4.9 of the HAP program. By adding insulation to the envelope's 

different components (walls, roofs, windows, etc.), buildings under study can reduce their 

energy consumption by 30 to 40 percent while also improving indoor thermal comfort. In 

winter, wall and roof insulation significantly reduces heating, but in summer, their impact 

on cooling loads is negligible because of the small temperature changes between the 

outside and inside.  

Increasing insulation thickness reduces heating loads considerably at first, but energy 

saving diminish beyond a certain optimum thickness in this study. Window improvements 

(switching from single-glazing to double-glazing) yield about 11% annual energy savings, 

especially by reducing winter heat losses. Solar gain through windows is the biggest source 

of summer heat gain, so shading and efficient window technologies are important for 

reducing cooling loads. (Rasuli, 2023) 

Thicker wall insulation results in lower primary energy usage. Heating loads use more 

energy than cooling loads. From 0 to 4 cm of insulation thickness, the heating energy 

consumption drops significantly; beyond that, the impact of insulation thickness is 

negligible. The ideal thickness is determined to be 4 cm of polystyrene insulation R-1.93 

(SI). 

 

Figure 2.10: Energy Consumption for heating and cooling loads at various 

insulation thickness (Rasuli, 2023) 
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When windows are insulated, energy consumption is reduced by roughly 11%. Heat loss 

is more affected by window insulation than heat gain. Heat gain drops from 62.74W/𝑚2 to 

52.5W/𝑚2, while heat loss falls from 62.01W/𝑚2 to 36W/𝑚2. 

Heat intake and loss are greatly decreased for roof insulation as the roof's R-value rises. 

Roof insulation reduces the building's overall energy usage by 3%, according to an annual 

energy analysis. The amount of energy used drops from 74.9 kWh/𝑚2-to 72.65 kWh/𝑚2-. 

Heat gain and loss research reveals a 31.5% increase in heat gain and a 23.3% decrease in 

heat loss through to the building's roof on the last story. 

The comparison for double-glazed windows with vinyl frames, 4 cm thick wall insulation 

overall (R-13 SI), roof insulation (R-30 SI), and no insulation. In this instance, energy 

consumption is 75.9 kWh/𝑚2 without insulation and drops to 55.84 kWh/𝑚2 (25.44%) 

with just 4 cm of polystyrene insulation applied to the walls. Lastly, an energy analysis of 

the entire building is carried out for 4cm wall-insulated, roof-insulated, and double-glazed 

windows. The annual energy consumption was significantly reduced by around 33.59% 

(49.74 kWh/𝑚2). 

 

Figure 2.11: Annual energy consumption for three cases (no insulation, only wall 

insulation, and full insulation) (Rasuli, 2023) 

2.9 Research Gap and Necessity for Comparative Analysis 

The current literature offers fragmented insights into the performance of insulating 

materials, with most studies focusing on either energy savings or cost, but rarely both in a 
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through, side-by-side analysis. In context of Nepal, no comprehensive studies specifically on 

HVAC load calculations and energy consumption for hospitals exist. As a result, comprehensive 

research into HVAC load, energy consumption, and cost impacts for commercial buildings 

i.e. Hospital using various wall and roof insulation materials is needed to guide optimal 

material selection for energy-efficient, economically viable, and environmentally 

responsible commercial building design. 
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CHAPTER THREE: METHODOLOGY 

 

This research examines the effect of different types of walls and roof insulation in HVAC 

load, energy use and cost in commercial buildings. This study employs a quantitative 

comparative research design that relies heavily on building energy modeling tools and 

economic analysis to assess various insulation materials applied to the walls and roof of a 

representative commercial building. 

The framework for the research follow the following methods: 

3.1 Conceptual Framework 
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                                                                                 YES 

                                                                        

 

 

 

 

Is HAP Simulation 

result valid? 

Literature Review 

 

Selection of a commercial Building with available 

insulation materials 

 

 HVAC Load Calculation using HAP 

 

 
Energy Consumption Analysis 

 

Cost Analysis 

 

Performance Evaluation (Thermal and 

Economic) 

 

Final Selection of materials 

 

Results and Discussion 

Results and Discussion 

 Documentation 

 Figure 3.1: Framework for methodology 
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3.2 Literature 

A literature review examines and evaluates published data in a certain field. A well-written 

literature review adds to scholarly discussions on the subject, shows that the researcher is 

knowledgeable about the body of current literature, and provides context for the 

researcher's own work. Its main purpose is to provide a comprehensive overview of what 

is already known summarizing, evaluating, and organizing relevant studies, theories, 

methodologies, and debates within the field. It will be carried out with the aid of various 

books, scholarly publications, and academic reports from the campus library. As a result, 

the problem of adding value to the current research will be investigated. This study includes 

a variety of literature reviews for various theoretical findings, such as:  

➢ Research on the significance of material selection in lowering HVAC load. 

➢ Conduct research on different types of wall and roof insulations used. 

➢ Research for software Simulation of the modal development and energy 

consumption. 

➢ Evaluate thermal comfort and material conductivity.  

➢ Finally, software utilization includes HAP. 

This will lay the groundwork for successfully completing the thesis.  

3.3 Selection of a type commercial building with available insulation materials 

A Commercial building located in Kathmandu was selected for the analysis. The qualities 

of several insulating materials were examined and compiled. Architectural models with 

accessible insulation materials were entered into the software to determine the effects of 

these materials on buildings. The model's material library defines each insulation material 

based on material attributes such as thermal conductivity, density, and thickness. Also 

various insulation types specification (e.g., mineral wool, fiberglass, spray foam, loose fill, 

rigid foam etc.) can be used or can be import by the user having precise thermal data to 

simulate real-world products. 

3.4 HVAC Load calculation using HAP 6.2 

Calculating the heating and cooling loads necessary to maintain a building's interior 

temperature and humidity conditions is known as HVAC load modeling using HAP. The 

design of an effective and efficient HVAC system depends on accurate HVAC load 
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modeling (Roth, 2024). HAP provides a user-friendly environment to perform accurate 

HVAC heating and cooling load calculations by inserting the Floor plan or the Building 

Wizard for a proposed building. The building's location should then be set to Kathmandu. 

The weather data of the Kathmandu is to be set by placing the EPW file from Energy plus. 

The other parameter like occupancy, space area, sensible and latent heat and other. The 

Zoning of Every floor plan are done. The load calculation before insulation and after 

placing with double glazing window are done. The different insulations are to be set with 

the wall and the roof keeping other parameters unchanged. Based on the different 

parameters i.e. building geometry, materials, insulation, weather data, and zone definitions 

HAP does dynamic calculations. The heating and cooling load determined are of peak load 

data. The finding of the load calculation can also be exported for further investigation is 

specialized simulation programs if necessary.  

3.5 Energy consumption Analysis 

Energy consumption analysis in buildings is methodically assessing the overall energy 

consumed by all building functions, such as HVAC (heating, ventilation, and air 

conditioning), lighting, water heating, refrigeration, plug loads, and occupant activity. This 

research seeks to quantify energy demand trends, uncover inefficiencies, and advise 

measures for reducing use and expenditures. Advanced technologies forecast consumption 

trends and benchmark energy use by fusing physical modeling with data-driven techniques 

like data mining and clustering algorithms. The modeling program HAP is used in this 

study to determine the HVAC system's yearly energy usage. The result shows that 

electricity and gasoline are both practical energy sources. But in Nepal, electricity is mostly 

used as an energy source for HVAC systems. 

 3.6 Cost Analysis 

Cost analysis is an important component in HVAC load and energy consumption 

assessments because it quantifies economic implications and guides sustainable and 

financially sound building design decisions. Cost analysis in building energy studies 

involves evaluating the cost without insulation and the cost after placing double glazing 

window and then implementing different insulations materials for walls and roofs. It 

assesses whether the upfront expenses of installing particular materials or technologies are 
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justified by future energy savings and reduced HVAC operational costs.  cost analysis 

compares a baseline building with an improved version incorporating energy-saving 

measures. 

 

3.7 Selection of the best insulation material for wall and roofs 

Insulation play a most important factor for lowering HVAC loads, increasing efficiency, 

and maintaining pleasant inside temperature, it is very critical step for choosing the right 

insulation materials for walls and roof. The various factors that influence choosing the right 

insulation materials are thermal resistance (R-value), moisture resistance, ease of 

installation, affordability, and compatibility with local climate conditions. The optimal 

insulation materials for residential building is one with low HVAC load, Energy 

Consumption and is Cost Effectiveness. 

 

3.8 Compilation, Discussion and Presentation of the Report 

In order to help readers, make well-informed decisions about insulation materials for 

improved building energy performance, this final phase thoroughly compiles and analyzes 

building energy simulation and cost data, clearly discusses the significance of findings, and 

presents the information with a structured narrative and supporting visuals. Based on the 

findings, discussions and recommendations for explanation were made. 

 

 

 

 

 

  



 

29 
 

CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1 Description of a Commercial Building 

 Evaluation of HVAC load and energy consumption of a commercial building in 

Kathmandu is the aim of this case study. The building's architectural and HVAC layout 

CAD model contains incomplete data because it is a commercial project. Space, elevation, 

and plan layout are among the design aspects of this building that are known. The following 

details are illustrated in the drawing. 

Table 4.1: Details of the Type Building 

Building Location Kathmandu 

Building Size Nine Story with Basement 

Wall Material Common Brick with variation of inner 

wall 

Roof type Flat 

Roof Material Concrete 

Floor Concrete 

Window type Single pane clear glass 

Exterior Wall thickness 9 inch 

Window to wall ratio 0.312 

 

4.2 Weather Data Analysis  

The Department of Metrology and Hydrology provides the most recent weather 

information needed to calculate the cooling and heating load, which is listed below: 

Table 4.2: Weather Conditions 

Data Available 

Location KTM Valley Summer design 

DBT 

89F 

Required Indoor 

Temp 

72F Summer Co-incident 

WBT 

78F 

Elevation 4388ft Summer daily range 25F 

Latitude 27.7N Winter Design DBT 36F 

Longitude 85.35 Winter Co-incident 

WBT 

25.5F 
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Table 4.3: Summer and Winter DBT and WBT of Kathmandu 

Month Summer Winter 

Max DBT(F) Min WBT(F) Max DBT(F) Min WBT(F) 

Jan 65.9 37.6 58.3 33.6 

Feb 75.8 49.2 69.3 45.3 

Mar 81.7 53.0 76.1 49.8 

Apr 82.9 59.2 77.5 55.7 

May 83 61.4 77.7 57.7 

Jun 85.2 68.9 80.2 65.1 

Jul 85.3 69.3 80.4 65.5 

Aug 86.4 68.9 81.7 65.7 

Sep 81.9 64.3 76.5 60.3 

Oct 80.1 53.2 74.3 49.6 

Nov 71.7 43.4 64.8 39.6 

Dec 63.7 34.4 55.9 30.6 

 

Figure 1 Second Floor Plan   
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As each floor is being separated in two zones, first is Conditioned Zone and Second is the 

Un-conditioned zone. The Area for the zone wise and floor wise is below in the table: 

Table 4.4: Area of the Floor and Zone 

 

  

Floor Zone Zone Area(Sq.) Floor Area(Sq.) 

Ground Floor Ground Floor Zone 1 7166.7 14584.8 

Ground Floor Zone 2 7418.1 

First Floor First Floor Zone 1 5766.4 13119 

First Floor Zone 2 7352.6 

Second Floor Second Floor Zone 1 8069.2 13704.3 

Second Floor Zone 2 5635.1 

Third Floor Third Floor Zone 1 8658.0 14505.3 

Third Floor Zone 2 5847.3 

Fourth Floor Fourth Floor Zone 1 7358.8 12526.3 

Fourth Floor Zone 2 5167.5 

Fifth Floor Fifth Floor Zone 1 7397.9 12778.5 

Fifth Floor Zone 2 5380.6 

Sixth Floor Sixth Floor Zone 1 3966.7 7959.2 

Sixth Floor Zone 2 3992.5 

Seventh Floor Seventh Floor 1732.6 1732.6 
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4.3 Space Model of the Building 

As the building is a commercial building with a lot of spaces in every floor and only 

conditioned space are being taken into consideration for the calculation. 

The data for the ventilation is of according to the ASHRAE Standard 62.1-2019 space 

usage. 

Similarly, the value for the overhead lighting is taken as of ASHRAE Standard 90.1-2019  

The schedule for the electric equipment is of 90.1 office lights/Elec. 

The Schedule for occupancy is taken of 90.1 office occupancy and The Schedule for 

Miscellaneous Heat Gain is taken of 90.1 Assembly/Light/Elec. 

The thermal properties used with Insulation are below in the table: 

Table 4.5: Thermal Characteristics of Materials 

S.N Description Thermal Conductivity(K)(hr sqft 

F/BTU) 

1 ¾ inch Gypsum Plaster 0.4807 

2 9 inch Concrete Brick 1.78875 

3 5/8 inch Gypsum Board 0.56306 

4 ½ inch Gypsum Plaster 0.32051 

5 6Inch HW Concrete 0.5 

6 Slate or Tile 0.08 

7 Acoustic Tile 1.78571 

8 4inch LW Concrete 1.08108 

9 Carpet with rubber pad 1.23 

10 Expanded Polystyrene(EPS) 4.2 

11 Extruded Polystyrene(XPS) 5 

12 Polyisocyanurate 6 

13 Fiberglass Batt 3.1 

14 Mineral Wool Batt 4.2 
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15 Cellulose 3.4 

16 Spray Foam (Open Cell) 3.8 

17 Spray Foam (Closed Cell) 7 

 

4.4 Results of a Building before Insulation 

The building's HVAC equipment was sized based on the HVAC peak demand. Both 

summer and winter HVAC loads were calculated. The operation schedule for energy 

consumption and cost comparison is from 9:00 AM to 5:00 PM, with Saturday being a no-

work day, or eight hours a day, six days a week. Based on the Nepal Electricity Authority 

(NEA) Electricity Tariff 2022/23, the cost per kWh for the commercial building is 

estimated to be NRs. 10.8. This resulted in a high yearly energy cost because it was 

calculated using Nepal's typical working hours. 

Table 4.6: HVAC load for type building before Insulation 

Zone Wise Peak Cooling Load(TOR) Peak Heating Load(TOR) 

Ground Floor Zone 1 35.1 9.5 

First Floor Zone 1 34.1  9.6 

Second Floor Zone 1 34.8  8.6 

Third Floor Zone 1 36.3  12.4 

Fourth Floor Zone1 32.1  10.4 

Fifth Floor Zone 1 33.1  12.2 

Sixth Floor Zone 1 18.8  8.3 

Seventh Floor Zone 8.6 4.1 

Overall Building 232.9 75.1 

Components Energy Consumption 

(kWh) 

Annual Cost  

(NRs.) 

Percent of Total 

(%) 

HVAC Component 204805 2,211,886 37.8 

NON-HVAC 

Component 

336825 3,637,717 62.2 

Total 541630 5,849,603 100 
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From the above chat it is found that maximum cooling and heating cost is at the month of 

July and January with the cost of NRs.124828 and NRs.193676. 

Figure 4.1: Annual Operating Costs Components wise 

Figure 4.2: Component wise Monthly Operating Cost 
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Maximum HVAC cost occur at the month of January with NRs.267723 and total energy 

cost in January is NRs.579694. 

Also, from the Energy analysis report it is found that Maximum Energy Consumption is in 

month of July with 53675 kWh and the table data is provided in APPENDIX. 

 

Figure 4.3: Monthly Energy Cost 

Figure 4.4: Energy Consumption Vs Working Hour Per day 
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4.5 Results of HVAC load for 8 different Insulation to Exterior wall 

This part is done for the selection of the insulation material. In this part the results for 

HVAC Load, energy consumption and cost for 1Inch insulation thickness keeping other 

parameter constant is being taken. 

4.5.1 For Expanded Polystyrene (EPS) 

The HVAC results after applying 1-inch insulation to the exterior wall is given in the table 

below: 

Table 4.7: HVAC load for Expanded Polystyrene 

Zone Wise Peak Cooling Load (TOR) Peak Heating Load (TOR) 

Ground Floor Zone 1 34.5 9.2 

First Floor Zone 1 33.3 9.4 

Second Floor Zone 1 33.4 8.4 

Third Floor Zone 1 35.4 12.1 

Fourth Floor Zone1 31.3 10.1 

Fifth Floor Zone 1 32.5 11.9 

Sixth Floor Zone 1 18.3 8.1 

Seventh Floor Zone 8.4 4 

Overall Building 227.1 73.2 

 

 

The peak Cooling load and Heating load after applying of 1-inch Expanded polystyrene 

insulation to the exterior wall found to be 227.1 TOR and 73.2 TOR with the change of 

HVAC component from 37.8% to 36.2% and % change is of 4.23% after insulation is been 

added to the external wall. 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 191513 2068339 36.2 

NON-HVAC 

Component 

336825 3637717 63.8 

Total 528339 5706056 100 
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4.5.2 For Extruded Polystyrene (XPS) 

The HVAC results after 1-inch insulation is given in the table below: 

Table 4.8: HVAC load for Extruded Polystyrene 

Zone Wise Peak Cooling Load 

(TOR) 

Peak Heating Load 

(TOR) 

Ground Floor Zone 1 34.2 9.2 

First Floor Zone 1 33.2 9.4 

Second Floor Zone 1 33.9 8.4 

Third Floor Zone 1 35.2 12.1 

Fourth Floor Zone1 31.3 10.1 

Fifth Floor Zone 1 32.3 11.8 

Sixth Floor Zone 1 18.3 8.1 

Seventh Floor Zone 8.4 3.9 

Overall Building 226.8 73 

 

The peak Cooling load and Heating load after applying of 1-inch Extruded polystyrene 

insulation to the exterior wall found to be 226.8 TOR and 73 TOR with the change of 

HVAC component from 37.8% to 36.1% and percentage change is of 4.49% after insulation 

is been added to the external wall. 

 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 190632 2058816 36.1 

NON-HVAC 

Component 

336825 3637717 63.9 

Total 527458 5696533 100 
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4.5.3 For Polyisocyanurate (polyiso/PIR) 

HVAC result after 1-inch insulation is given in the table below: 

Table 4.9: HVAC load for Polyisocyanurate 

 

The peak Cooling load and Heating load after applying of 1-inch Polyisocyanurate 

insulation to the exterior wall found to be 226.4 TOR and 72.8 TOR with the change of 

HVAC component from 37.8% to 36% and percentage change is of 4.8% after insulation 

is been added to the external wall. 

 

 

 

 

 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs) 

Percent of Total 

(%) 

HVAC Component 189785 2049687 36 

NON-HVAC 

Component 

336825 3637717 64 

Total 526610 5687405 100 

Zone Wise Peak Cooling Load 

(TOR) 

Peak Heating Load 

(TOR) 

Ground Floor Zone 1 34.1 9.2 

First Floor Zone 1 33.2 9.3 

Second Floor Zone 1 33.9 8.4 

Third Floor Zone 1 35.3 12.1 

Fourth Floor Zone1 31.2 10 

Fifth Floor Zone 1 32.2 11.8 

Sixth Floor Zone 1 18.2 8.1 

Seventh Floor Zone 8.3 3.9 

Overall Building 226.4 72.8 



 

39 
 

4.5.4 For Fiberglass Batt 

HVAC results for 1-inch insulation is: 

Table 4.10: HVAC load for Fiberglass Batt 

Zone Wise Peak Cooling Load 

(TOR) 

Peak Heating Load 

(TOR) 

Ground Floor Zone 1 34.4 9.3 

First Floor Zone 1 33.5 9.5 

Second Floor Zone 1 34.1 8.5 

Third Floor Zone 1 35.6 12.2 

Fourth Floor Zone1 31.5  10.2  

Fifth Floor Zone 1 32.4 11.9 

Sixth Floor Zone 1 18.4 8.1 

Seventh Floor Zone 8.4 3.9 

Overall Building 228.3 73.6 

 

The peak Cooling load and Heating load after applying of 1-inch Fiber Glass Batt 

insulation to the exterior wall found to be 228.3 TOR and 73.6 TOR with the change of 

HVAC component from 37.8% to 36.6% and percentage change is of 3.2% after insulation 

is been added to the external wall. 

 

 

 

 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 194301 2098460 36.6 

NON-HVAC 

Component 

336825 3637717 63.4 

Total 531126 5736177 100 
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4.5.5 For Mineral Wool Batt 

HVAC result after applying 1-inch insulation is: 

Table 4.11: HVAC load for Mineral Wool Batt 

Zone Wise Peak Cooling Load 

(TOR) 

Peak Heating Load 

(TOR) 

Ground Floor Zone 1 34.5 9.2 

First Floor Zone 1 33.3 9.4 

Second Floor Zone 1 33.4 8.4 

Third Floor Zone 1 35.4 12.1 

Fourth Floor Zone1 31.3 10.1 

Fifth Floor Zone 1 32.5 11.9 

Sixth Floor Zone 1 18.3 8.1 

Seventh Floor Zone 8.4 4 

Overall Building 227.1 73.2 

 

The peak Cooling load and Heating load after applying of 1-inch Mineral Wool Batt 

insulation to the exterior wall found to be 227.1 TOR and 73.2 TOR with the change of 

HVAC component from 37.8% to 36.2% and percentage change is of 4.23% after insulation 

is been added to the external wall. 

 

 

 

 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 191427 2067401 36.2 

NON-HVAC 

Component 

336825 3637717 63.8 

Total 528252 5705118 100 
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4.5.6 For Spray Foam (Open Cell) 

HVAC result after applying 1-inch insulation is: 

Table 4.12: HVAC load for Spray Foam (open cell) 

Zone Wise Peak Cooling Load 

(TOR) 

Peak Heating Load 

(TOR) 

Ground Floor Zone 1 34.3 9.3 

First Floor Zone 1 33.4 9.4 

Second Floor Zone 1 34.1 8.4 

Third Floor Zone 1 35.5 12.1 

Fourth Floor Zone1 31.4 10.1 

Fifth Floor Zone 1 32.4 11.9 

Sixth Floor Zone 1 18.4 8.1 

Seventh Floor Zone 8.4 3.9 

Overall Building 227.9 73.2 

 

 

The peak Cooling load and Heating load after applying of 1-inch Spray Foam (Open Cell) 

insulation to the exterior wall found to be 227.9 TOR and 73.2 TOR with the change of 

HVAC component from 37.8% to 36.5% and percentage change is of 3.43% after insulation 

is been added to the external wall. 

 

 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 193290 2087512 36.5 

NON-HVAC 

Component 

336825 3637717 63.5 

Total 530115 5725230 100 
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4.5.7 For Cellulose 

HVAC result after applying 1-inch insulation is: 

Table 4.13: HVAC load for Cellulose 

 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 193747 2092477 36.5 

NON-HVAC 

Component 

336825 3637717 63.5 

Total 530572 5730194 100 

 

The peak Cooling load and Heating load after applying of 1-inch Cellulose insulation to 

the exterior wall found to be 228.2 TOR and 73.5 TOR with the change of HVAC 

component from 37.8% to 36.5% and percentage change is of 3.43% after insulation is 

been added to the external wall. 

 

 

 

Zone Wise Peak Cooling Load 

(TOR) 

Peak Heating Load 

(TOR) 

Ground Floor Zone 1 34.4 9.3 

First Floor Zone 1 33.4 9.4 

Second Floor Zone 1 34.1 8.4 

Third Floor Zone 1 35.7 12.2 

Fourth Floor Zone1 31.5 10.2 

Fifth Floor Zone 1 32.3 11.9 

Sixth Floor Zone 1 18.4 8.2 

Seventh Floor Zone 8.4 3.9 

Overall Building 228.2 73.5 
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4.5.8 For Spray Foam Closed cell 

HVAC results after applying 1-inch insulation is: 

Table 4.14: HVAC load for Spray Foam Closed Cell 

Zone Wise Peak Cooling Load 

(TOR) 

Peak Heating Load 

(TOR) 

Ground Floor Zone 1 34 9.2 

First Floor Zone 1 33.1 9.3 

Second Floor Zone 1 33.7 8.3 

Third Floor Zone 1 35.2 12 

Fourth Floor Zone1 31.2 10.1 

Fifth Floor Zone 1 32.1 11.8 

Sixth Floor Zone 1 18.3 8.1 

Seventh Floor Zone 8.5 3.9 

Overall Building 226.1 72.7 

 

The peak Cooling load and Heating load after applying of 1-inch Spray Foam Closed Cell 

insulation to the exterior wall found to be 226.1 TOR and 72.7 TOR with the change of 

HVAC component from 37.8% to 36% and percentage change is of 4.76% after insulation 

is been added to the external wall. 

 

 

 

 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component  189078  2042053 36 

NON-HVAC 

Component 

336825 3637717 64 

Total 525903 5679770 100 
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Figure 4.5: Analysis for Load, Energy and Cost 

From the above chat it is found that the insulation material Spray Foam Closed Cell reduce 

the load, Energy Consumption and Annual Cost more than other So, the material can be 

selected as the appropriate material for Type Commercial Building. 

From the Literature review done previously it came to know that, the required U-value 

(Thermal Transmittance) for the building wall lies in the range of 0.088Btu/hr. sq. ft. F-

0.1233 Btu/hr. sq. ft. F for the maximum thermal Comfort. 

For the location of Kathmandu valley with the given condition the required U-value for 

wall for maximum thermal comfort is 0.104Btu/hr. sq. ft. F. (Bodach, 2016) 

Initially before insulation the U-value of wall was found to be 0.265Btu/ hr. sq. ft. F. After 

the insulation of 1-inch thickness to the wall the U-value found are listed as: 

Table 4.15: Materials with corresponding U-Value 

Insulation Material Thickness (Inch) U-value (Btu/hr. sq. ft. F) 

Expanded Polystyrene(EPS) 1 0.125 

Extruded Polystyrene(XPS) 1 0.114 

Poyisocyanurate(Polyiso) 1 0.102 

Fiberglass Batt 1 0.143 
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Mineral Wool Batt 1 0.125 

Spray Foam(Open Cell) 1 0.132 

Cellulose 1 0.139 

Spray Foam(Closed Cell) 1 0.093 

 

 

Figure 4.6: Material with U-value for 1 inch thickness 

From the above chat Polyisocyanurate material is approx. to the required comfort value of 

0.104Btu/hr. Sq. ft. F. 

For the reference purposes only, here’s a pricing table detailing the different types of 

insulation materials. 

Table 4.16: Material with its Price per Sq. (renoquotes.com, 2026) 

Insulation Materials Price per Sq.ft/Rooms($) 

Expanded Polystyrene(EPS) $2-$4 

Extruded Polystyrene(XPS) $3-$6 

Polyisocyanurate(Polyiso) $1.50-$8 

Fiberglass Batt $0.9-$5.9 

Mineral Wool Batt $1.40-$5.90 

Spray Foam (Open Cell) Approx.$3 
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Cellulose Approx.$1 

Spray Foam (Closed Cell) $3-$8 

 

So, from the above Energy and cost analysis data for 8 different insulation materials Spray 

Foam (Closed Cell) reduces the most Annual Energy and Cost but 1-inch thickness of this 

material did not align with the required comfort factor also the cost of material is 

comparatively high than other. 

Considering to the cost of materials, Annual Energy and Cost saving and Comfort factor 

Polyisocyanurate insulation material of 1-inch thickness was selected as our wall insulation 

material. 

 

4.6 Results for 8 different Insulation to Roof 

As done for the Exterior Wall in the same way this part is done for the selection of material 

for the Roof. In this section the results for Energy consumption and cost for different 

material for different thickness keeping other parameter constant is being taken. 

 

 

Above chat show the corresponding U-value for different thickness for the given 8 different 

materials. 
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 As done previously for the wall insulation in a similar manner for Roof the required 

thermal comfort value for U lie in the range of 0.0441-0.07BTU/ hr. sq. ft. F. 

For the location of Kathmandu Valley, the required value for U is 0.0652BTU/hr. sq. ft. F. 

At initial condition before insulation the U-Value for roof is 0.526BTU/hr. sq. ft. F. 

From the above chat for different material for the required thermal comfort different 

thickness and Energy and Cost analysis were done. 

4.6.1 For Expanded Polystyrene(EPS) 

From the above chat for Expanded Polystyrene (EPS) 3-inch thickness can be selected with 

the U-Value of 0.069BTU/hr sq. ft. F and the corresponding Energy Consumption and Cost 

data is given as: 

Table 4.17: Expanded Polystyrene with Energy Consumption, Cost and % Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 192564 2079688 36.4 

NON-HVAC 

Component 

336825 3637717 63.6 

Total 529389 5717406 100 

 

4.6.2 For Extruded Polystyrene (XPS) 

From the above chat for Extruded Polystyrene (XPS) 2.5-inch thickness can be selected 

with the U-Value of 0.069BTU/hr. sq. ft. F and the corresponding Energy Consumption 

and Cost data is given as: 

Table 4.18: Extruded Polystyrene with Energy Consumption, Cost and % Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 192586 2079921 36.4 

NON-HVAC 

Component 

336825 3637717 63.6 

Total 529411 5717638 100 
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4.6.3 For Polyisocyanurate (Polyiso) 

From the above chat for Polyisocyanurate (Polyiso) 2.5-inch thickness can be selected with 

the U-Value of 0.059BTU/hr. sq. ft. F and the corresponding Energy Consumption and Cost 

data is given as: 

Table 4.19: Polyisocyanurate with Energy Consumption, Cost and % Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 191987 2073468 36.3 

NON-HVAC 

Component 

336825 3637717 63.7 

Total 528813 5711185 100 

 

4.6.4 For Fiberglass Batt 

From the above chat for Fiberglass Batt 4.5-inch thickness can be selected with the U-

Value of 0.063BTU/hr. sq. ft. F and the corresponding Energy Consumption and Cost data 

is given as: 

Table 4.20: Fiber Glass with Energy Consumption, Cost and % Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs.) 

Percent of Total 

(%) 

HVAC Component 191162 2064542 36.2 

NON-HVAC 

Component 

336825 3637717 63.8 

Total 527987 5702259 100 

 

4.6.5 For Mineral Wool Batt 

From the above chat for Expanded Polystyrene (EPS) can be selected 3-inch thickness with 

the U-Value of 0.069BTU/hr. sq. ft. F and the corresponding Energy Consumption and Cost 

data is given as: 

Table 4.21: Mineral wool with Energy Consumption, Cost and % Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs) 

Percent of Total 

(%) 

HVAC Component 192564 2079688 36.4 

NON-HVAC 

Component 

336825 3637717 63.6 
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Total 529389 5717406 100 

 

4.6.6 For Spray Foam (Open Cell) 

From the above chat for Expanded Polystyrene (EPS) 3.5-inch thickness can be selected 

with the U-Value of 0.066BTU/hr. sq. ft. F and the corresponding Energy Consumption 

and Cost data is given as: 

Table 4.22: Spray Foam (Open cell) with Energy Consumption, Cost and % Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs) 

Percent of Total 

(%) 

HVAC Component 192404 2077971 36.4 

NON-HVAC 

Component 

336825 3637717 63.6 

Total 529229 5715688 100 

 

4.6.7 For Cellulose 

From the above chat for Expanded Polystyrene (EPS) 4-inch thickness can be selected with 

the U-Value of 0.065BTU/hr. sq. ft. F and the corresponding Energy Consumption and Cost 

data is given as: 

Table 4.23: Cellulose with Energy Consumption, Cost and % Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs) 

Percent of Total 

(%) 

HVAC Component 191225 2065199 36.2 

NON-HVAC 

Component 

336825 3637717 63.8 

Total 528050 5702916 100 

 

4.6.8 For Spray Foam (Closed Cell) 

From the above chat for Expanded Polystyrene (EPS) 2-inch thickness can be selected 

with the U-Value of 0.063BTU/hr sq. ft. F and the corresponding Energy Consumption 

and Cost data is given as: 
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Table 4.24: Spray Foam (Closed Cell) with Energy Consumption, Cost and % 

Consumption 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs) 

Percent of Total 

(%) 

HVAC Component 192290 2076748 36.3 

NON-HVAC 

Component 

336825 3637717 63.7 

Total 529115 5714465 100 

 

From the above data of Energy Consumption and cost for different Insulation material with 

selected thickness considering to the thermal comfort and also the cost of insulation 

material, the material as Cellulose with the thickness of 4-inch can be selected having the 

U-Value of 0.065BTU/hr. sq. ft. F that is very ideal to the required value for Kathmandu 

Valley. 

 Hence, Finalizing the material, the selection of material as 1-inch of Polyisocyanurate 

material for wall insulation and 4-inch of Cellulose for Roof Insulation was done. 

4.7 Result for HVAC Load, Energy and Cost for 1-inch Polyisocyanurate and 4-inch 

Cellulose 

Table 4.25: Final Result for HVAC, Energy and Cost 

Zone Wise Peak Cooling 

Load(TOR) 

Peak Heating 

Load(TOR) 

Ground Floor Zone 1 33.2 9 

First Floor Zone 1 32.3 9.1 

Second Floor Zone 1 33 8.1 

Third Floor Zone 1 34.2 11.6 

Fourth Floor Zone1 30.4 9.8 

Fifth Floor Zone 1 31.4 11.5 

Sixth Floor Zone 1 17.8 7.8 

Seventh Floor Zone 8.1 3.8 

Overall Building 220.4 70.7 

Components Energy Consumption 

(kWh) 

Annual Cost 

(NRs) 

Percent of Total 

(%) 

HVAC Component 178938 1932510 34.7 
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From the calculation above done it can be seen that before insulation the Cooling load, 

Heating Load, Annual Energy Consumption and Energy cost were 232.9 TOR, 75.1TOR, 

541630 kWh and NRs.5846603 and after the insulation of the selected materials of 1 inch 

Polyisocyanurate and 4 inch of cellulose the result were of 220.4 TOR, 70.7 TOR, 515763 

kWh and NRs.5570227. 

The Annual HVAC energy consumption and Energy Cost changes from 204805 kWh and 

NRs.2211886 to 178938 kWh and NRs.1932510, which is the change of 12.6%. 

  

NON-HVAC 

Component 

336825 3637717 65.3 

Total 515763 5570227 100 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

 This research completely focuses on the analysis of the type commercial building 

reducing the HVAC load, Energy Consumption and the electricity Cost. The study looks at 

how different types of wall and roof insulation affect the HVAC load, yearly energy use, 

and annual costs. Carrier HAP 6.2, a program software has been used to look at HVAC 

load, energy use and annual cost. 

From the study it can be concluded that a small change can have a huge impact in energy 

and cost saving, adding of insulation to wall and roof changes the Annual HVAC Energy 

Consumption and Cost from 204805 kWh and NRs.2211886 to 178938 kWh and 

NRs.1932510, which show that addition of insulation to wall and roof change the HVAC 

energy and cost by 12.6%.Similarly, the analysis shows that the insulation materials used 

in walls and roofs have a big effect on the HVAC cooling load, energy use, and annual 

electric costs of a building. 

According to the simulation results, insulation materials with higher thermal resistance and 

lower thermal conductivity perform better at preventing heat from entering the building. 

Out of the eight materials listed, the simulation resulted in the selection of 1-inch 

Polyisocyanurate insulation material for the external wall and 4-inch Cellulose material for 

the roof calculation. 

However, adding insulation does not just affect HVAC load, energy consumption, and cost 

savings. Other factors influencing load consumption include window glazing, infiltration, 

door style, wall materials, and others. So, a study of commercial buildings made of 

alternative materials can be conducted for HVAC load, energy and cost savings, as well as 

a financial analysis based on the materials chosen.  
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APPENDICES 
 

1. Annual Cost, Components wise monthly cost and Monthly Energy Use before 

Insulation 
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2.  Annual Cost, Components wise monthly cost and Monthly Energy for Expanded 

Polystyrene 
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3. Annual Cost, Components wise monthly cost and Monthly Energy for extruded 

Polystyrene 
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4. Annual Cost, Components wise monthly cost and Monthly Energy for 

Polyisocyanurate 
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5. Annual Cost, Components wise monthly cost and Monthly Energy for fiberglass batt 
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6. Annual Cost, Components wise monthly cost and Monthly Energy for mineral wool 

batt 
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7. Annual Cost, Components wise monthly cost and Monthly Energy for spray foam open 

cell 
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8. Annual Cost, Components wise monthly cost and Monthly Energy for Cellulose 
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9. Annual Cost, Components wise monthly cost and Monthly Energy For spray foam 

closed cell 
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10. Electricity Tariff for Commercial Building. 
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11. Floor Plans of a building 
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