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Abstract: This paper focuses on various design parameters
targeted to improve building considering numerous variable such
as efficient energy measures, cost effective parameters, indoor &
outdoor comfort, environmental problems based on seasonal
variations etc. The reported data deals with various optimization
parameters of the building envelope located at the GIET
University campus, Gunupur, Odisha. The research focuses on
optimal choices of cost, energy consumption and efficiency
measures. The data analyzed provide qualitative information on
optimal cost, energy efficiency solutions, renewable energy
production onsite and energy saving potential. This work is
intended for optimizing the energy performance of building using
Energy Plus and Open studio which is a simulation-based
optimization methodology which links the data related to the
building optimization model targeting towards net zero energy
building.
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I.INTRODUCTION

Creating energy efficient building is a challenging task and
net zero energy refers to total energy produced is equa to
energy consumed in that particular building on yearly
basig1]. These building overall contribute less green house
gases compared to non zero energy buildings. Traditional
buildings consumetotal 40% of thetotal fossil fuelsinall over
the world and are significant contributors of green house
gases. The zero energy consumption principle is viewed as a
means of reducing carbon emissions and reduction in the use
of fossil fuels. High initial costs, particularly with respect to
green buildings, discouraging Indian customers, and energy
efficient and eco friendly appliancesremain accessibleonly in
moderately small quantity in the market. Indian architects too
remain divided on both the necessity and economic feasibility
of the idea. But wide research of these zones in building
technology can be proved as more economical. This requires
a systematic approach to balance energy efficiency and
conservation against renewable energy generation. Several
types of software’s were used including Energy plus based
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simulation, Google sketch up and Open Studio. This
optimized building provides comfortable indoor conditions
with low energy consumption compared to regular home, cost
optimization and environmental protection by reducing
carbon emissions [2]. The proposed methodology identifies
the various parameters.
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Figure 1: Building strategy
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A. Heat transfer in building

e Conduction: The heat transfer rate by conduction can
be expressed by therelation

Q= —kaA
Where:
Q: heat transfer rate.

ar
dx

T: temperature.

X: distance.

K: substantial thermal conduction
A:heat path zone.

eConvection: Transfer of heat occurs when a
liquid/liquid flow touching a warm body in
Convection process.

Newton’s cooling law defines the
convection and is given by

impact of

Q=HA (Ts-Te)
Where:

Q: heat transfer rate.
A: externa zone.

Ts. partition (external)
temperature.
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Too: liquid temperature.
H [W/m2.K]: convection heat transfer constant.
e Contamination:

Thermal contamination energy transported through the
electromagnetic waves given by [1]

Qs = Alo

Where

A= zone of the window in m?

| = (W/m?)heat flow contamination of sun density
© = beam contamination gain factor

1. OBJECTIVESOF THE PROPOSED SYSTEM

o To test the modeling approach, this study first carries out a
virtual experiment of a building model in college campus,
where it is possible to compare the outcomes of energy
consumption from our reduced order model to the
outcomes from a higher order simulation approach

o The proposed methodology uses areduced order simulation
approach to achieve a reliable and tractable dynamic
modeling framework in a single platform taking in to
consideration of various factors like Integration of
renewable, HVAC design and optimization and energy
simulation parameters[3].

e To evaluate variance of cost and energy efficiency
measures of the project

e To compare optimized and initial parameters.

I11. DESCRIPTION OF THE PROJECT SOFTWARE

Energy Plusis an optimization program specially designed to
find the user selected designed parameters to minimize the
objective function like peak energy demand and annual
energy usage. It alows coupling of any simulation with text
based 1/0 by modifying the configuration file without the
requirement of modifications in code. This software has an
open interface with the simulation program side and
minimization algorithm side which runs either on GUI or asa
console application. It can easily couple to the program like
Open Studio. Energy plus software based on DOE 2
optimization. After modeling, the basic building block in the
mentioned software in which we simulate the initial model tan
into account by using the optimized algorithm where
sequential approach is considered which takes a few minutes
to evaluate the various building performance parameters. The
derived mathematical model is to find effective and reduced
energy consumption of building blocks like thermal analysis
of windows, partitions, roof and ventilation system.

IV.CONCEPTSRELATED TO THE BUILDING
OPTIMIZATION

For the work presented in this paper we used Energy Plus
9.0.1 which is an simulation based optimization tool
developed by US Department of Energy’s (DOE) Building
Technologies Office. Energy Plus based DOE-2; a sequential
search technique is used for optimal building design. The
sequential search isbased on various parameterslike partition
type, ceiling type, window glass type, roof substantial. The
resulted optimum design will describe the values, which are
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chosen for the optimization criteria like energy demand
(electricity consumption, heating, cooling,), comfort
parameters validating the used optimization method laying a
path towards Energy efficient Building. Losses related to heat
in building envelope includes (roof ceiling, windows mounts
and specific floor), aswell as ventilation system.
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Figure2 Optimization strategy

V.METHODOLOGY
The air circulation in the room, heat and mass transfer of
the building is based on air circulation unit and air ducts
which include [4]:

a. Heat transformation based on various parameters
including the slab substantial, roof structure, thermal
analysis of ceiling, partitions and windows.

b. Solar contamination transmission and conduction
through window glazing.

C. Interna and external climatic condition with respect to
the person’s availability in the room and their body
temperatures are considered.

d. Heat dissipation through the lightning equipment,
occupants and other substantial’s inside the room

Tablel: Properties of window mount

Window | Therm | Specific heat capacity | Density
mount a
o i | 1¥ehg] [kg/m°]
tivity
Stedl 16 490 7820

A. Model of heat transfer through windows mount:

Energy balance equation is expressed as
drﬁ'me —
PfrrzmsCPframs I{r’rrzms T -
1
mAframs{ﬂndoor_ T}rams:} -

imride *¥frome
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1—+TmAfrrzms(T}rmas - Tso,frrzms)

Where:

P rame: density of mount [ kg/m3].

Cp frame: specific heat capacity of mount [Jchg.].
Virame: mount volume [m?].

Tso, frame: mount solar air temperature [°C]

By rewriting the above
equation we get

Tframg :I{

1

1 + 'Eframg
hz’ﬂsz’dg 2. Kf‘ramg

Aframg[:ﬂﬂdam' - Tframs')

1
1 lframe Afmma(Tfmmg -

hourside 2Kframe

T,

sa, fram g)

}Pframg' CPf,.ﬁms' Vframg

Building envelope heat
transformation can be

defined as
1
Qenve:ope 1 +_Il Al (Tl - deoor ) +
1 hinside 2k1
I A TATe T:mme — Tindoor
1 + Ira.:m,g f ( f )
hinside 2":‘:fra,me

1
t———7—F A T, —T;
f d
1, Troo roof ( roof i oor)
hinside 2Kroof

H insde [W/M*.K]: constant of the heat transfer
[1[m]: first layer thickness

k1 [W/make]: first layer inside thermal conduction
A1 [m2]: first layer zone

T1[°C]: first layer temperature

L frame[M]: window mount thickness

K frame [W/make] :window mount thermal conduction
A trame [M?]: window mount zone

T frame [*C]: window mounts temperature

L 1ot [M]: concrete first layers thickness

[w/m]: Concrete layer thermal conductivity

Aroof [m2]: concrete layer zone referred to roof

Troof ["C]: first concrete layer under roof temperature
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Figure 3 Roof Envelope
Dimensions of a virtual building envelope

Length=17.9m? and Breadth=17.9m?
Zone= length x breadth given by 30m?
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Figure4 Heat transfer through external partition

B. Modeling transfer of heat through roof:

Roofs energy balance equation is expressed in terms of

Traaf
P‘raaf' CP,.DDJ;' Vmaf'T =

I—IA‘J"GOf[:TfﬂdOG‘J‘ - Traaf)

raof

2. Krpor

1
- 1 i Araaf(Tmaf - Tauz,maf)

raaf

2. Kyoor

hauzsidg
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Figure5 Heat transfer mechanism in the roof

Conduction

Where:

P 100t (kg/m]: concrete layer density

Cp roof [Jchg.]: specific heat capacity of concrete layer of
roof.

Vroof [m‘Qj: volume of concrete layer of roof.

Toutroof [C]: roof temperature

By rewriting the mentioned equation, Troof can be defined
as

T,

roof —
1
1 E'mclf
+
f hz’ns&'da Z-Kmf

1

Araaf(Tindaw - T‘rﬂﬂf) _1—Emaf

hauasida 2, Kmaf

A'raaf(Traaf - Tsa,‘rauj‘)

Pfaaf' CF,.DDJ;'Vmaf

VI.OPTIMIZATION METHODOLOGY

Energy Plus Software founded on DOE-2 software, customs
for instance by orientation intended for thermal building
energy simulations .DOE-2 simulates the heating and cooling
loads and energy practice of samples/climate models. It
replicas building heating, cooling, appliances, lighting and
domestic hot water requests.DOE-2 building loads are basic
and used in a sequential manner as input for energy supply
systems. DOE-2 and Energy Plus simulation both compute
the energy use of the building. Two commonly used building
energy simulation engines, Energy Plus and DOE-2, can
differ significantly in their controls of window heating load,
heat transfer algorithms used in detailed window models of
DOE -2 provide recommended changes to make the
calculations more precise. We estimate that up to 82% of the
observed differences can be resolved through the chosen
optimization tool [5]. The  DOE-2 model based on
fenestration chapter of the 2006 ASHRAE Handbook. Energy
Plus and DOE-2 use the same algorithm for the natural
convection, but there are alterations in the calculation of
forced convection. For building exteriors, the forced
convection constant varies with the wind velocity near the
surface[6]. In Energy Plusand DOE-2, the wind vel ocity near
each surfaceis cal culated from the weather station. In DOE-2,
this near-surface wind velocity is used to calculate the forced
convection constant for every surface except windows .The
interior contamination algorithms in DOE-2 use basically
dissimilar heat balance methods, and it is not practical to
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change DOE-2 to calculate the surface temperatures required
to perform similar irradiative exchange calculationg[7].
Energy Plus employs a method called “Script F”
contamination matrix to estimate the net contamination
exchange for each surface within that zone.

VII.RESULT AND DISCUSSION
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Total Building
Area 30.13
MNet
Conditioned 3015
Building Area
Unconditioned 0
Building Area

Figure6 Building Area
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Figure 10 Envelope summary
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Figure 11 Envelope Fenestration
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Figure 14 Building ener gy performance
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Figure 15 weather data

Envelope
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Figure 19 Zone Temperature
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Figure 20 Designed Schedules
VIII.CONCLUSION

This Paper presents sequential search optimization method
applied to a virtual building to establish characteristics of
optimal building design laying path towards energy efficient
building. The analyzed optimization results introduced a
novel method that is able to implement the encapsulating
concept through a holistic optimization process providing fast
and detailed analysis on the building -Envelope and increase
in the energy efficiency by various heat transfer modeling of
buildings roof, window, HVAC system by using Energy plus.
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