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ABSTRACT

40% of the world’s energy is consumed by buildings and 21% of the Green House Gas emissions
come from buildings. Energy demand within the construction sector is constantly in the increase
due to better access to energy in developing countries, the use of energy- intensive devices and
ever-increasing user expectations for thermal comfort. As per global per capita energy
consumption ranking, India ranks 7th, but 379.1mi (35.44% globally) ofthe population do not
have access to electricity ['l. So, though India ranks 7! as per consumption, more than a third of
the population is not a contributor. To satisfy the energy requirement of this growing nation, a
smarter alternative must be formulated. Awareness among the public is on the rise as the
ramification of Global warming is more apparent. Policies by the government for energy efficiency
and building certifications by variousbodies serve as a catalyst to the green initiatives flooding
the market. This has encouraged the public to consciously take the Net Zero route. But India has
much more potential to produce Net Positive Energy Buildings (NPEB) by solving many other
crises that a developing nation faces, such as increased waste generation and energy crisis to
name a few. As the exploration into sustainable and energy efficient buildings in India is still in its
nascent stage, this research aims to explore the current scenario of the status of nZEB in India,
the opportunities and threats, and address them.

In this report, the current scenario of energy consumption in India is studied and the necessity of
Net Positive Energy Buildings is highlighted. This report explores the present situation of Net Zero
Energy Buildings (nZEB) in India in the Academic and Commercial sectors in Warm and Humid
climate to understand the approach of each typology to attain nZEB status. It is found that
Academic sector can achieve nZEB status by applying passive techniques and Commercial
buildings require a combination of passive and active techniques to attain nZEB status. The
common implementation seen in the study for both sectors is the implementation of Solar passive
techniques for passive ventilation. ForCommercial buildings, installing efficient active systems
activated by sensors and constant energy monitoring are important. In conclusion, for a building,
new or retrofitted, to become a nZEB, it has to first reduce the required amount of energy by
passive interventions, and for the reduces energy requirement, highly efficient active systems
must be implemented. Renewable sources can produce energy for the resulting energy
requirement. When the building produces more energy than is required, it becomes a Net Positive
Energy Building.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

As per global per capita energy consumption ranking, India ranks 7th but 379.1mi
(35.44% globally, ranking 1st) of her population do not have access to electricity. So,
though India ranks 7th as per consumption, more than a third of the population is not a
contributor. To satisfy the energy requirement of this growing nation, a smarter
alternative must be formulated.

Table 1.1 Per Capita Energy Consumption by different countries

Table 1 Per capita energy consumption by different countries.

S. no. Country kWh/capita
l USA 13228.00
2 France 7366.00
3 UK 6158.00
4 Russia 5350.00
5 Brazil 1843.00
6 China 1184.00
7 India 421.00

Source: [EA (2005).

Table 1.2 Country-wise population without electricity

Table 2 Country-wise population without electricity.

S. no. Country Population without access % of world total
to electricity (million)

1 India 579.10 35.44
2 Bangladesh 104.40 6.39
3 Indonesia 98.0 6.00
4 Nigeria 76.15 4.66
5 Pakistan 65.00 3.98
6 Ethiopia 61.28 3.75
7 Myanmar 45.30 2.77
8 Tanzania 30.16 1.85
9 Kenya 27.71 L7
10 Nepal 19.50 .19
11 DPR of Korea 17.8 1.09
12 Mozambique 16,42 1.00
13 World total 1634.2 100

Source TEA 2002,



This is where Net Positive Energy Building comes in. A building that generates clean
energy to fulfil its own energy requirements as well as surplus to provide for other buildings.
This will be a sustainable route to approach the energy crisis and to generate and manage
electricity.

To achieve the goal of Net Zero Energy Building, the building should be manipulated
such that it generates the required energy as much as it is consumed.Then it can be
designed to generate more than it consumes.

Energy conscious buildings are on the rise but there are still very few nZEB. This is due
to the high initial cost of implementation. High certification fee from the certification bodies
such as LEED and GRIHA that tends to lack recognition for small scale projects that
consequently leads to a lack of available official data and validation of such small scale
nZEBs in India.

CRAVEzero is an EU-Horizon 2020 project that focuses on proven and new approaches
to reduce costs and improve nZEBs at all stages of the life cycle. The main goal is to
identify and eliminate the extra costs for nZEBs related to inefficient processes and
technologies and to promote innovative business models taking into account the cost-
effectiveness for all the stakeholders.

Chambers Real estate funds onstruction Companies Facility Managers

& i —-—o‘_".-
o S O====" Standard

Fig 1.1 Cost Reduction and market Acceleration for
viable nearly Zero-Energy Buildings



Studies show that employees in nearly zero energy buildings perceive a positive effect
of their working environment and productivity A study has noted a decline in
absenteeism in nearly zero energy buildings. To assess the direct monetary value of
a building, there are various co-benefits for the individual stakeholders, which often
cannot be assessed directly in monetary terms and therefore do not appear in the life
cycle cost analysis, like marketability, rentability, value development, comfort, image,
climate protection, etc.

Power

RENEWABLES

Thermal Energy

Efficient HVAC

Optimization of Envelope

Optimization of Form

Fig 1.2 Steps to reach nZEB standard

1.2 Aim

To design a nearly zero energy Business centre in Chennai’s Warm and Humid
Climate.

1.3 Research Questions

e What are the properties of a Nearly Zero Energy Building (NZEB)?

e What is the major energy consuming components of an office building?
e What are the factors that affect the energy performance of a building?
e How should HVAC be designed for an office building?

e How much of an influence does the envelope have on cooling requirements
indoor?



1.4 Objective

e To study the properties of a nearly Zero Energy Building.

e To identify the major energy consumers of an office building.

e To identify and address the factors that affect the energy performance of a
building.

e To calculate and propose various HVAC systems.

e To theoretically measure the envelope’s impact on indoor cooling.

1.5 Sub Objectives

e To study the impact of building major components on electrical consumption on
the building.

e To implement passive strategies where ever possible to bring down the
electrical load.

e Efficient envelope design.

e To identify the major energy users and find a sustainable solution.

e Tolearn HVAC sizing and designing.

1.6 Need for Study

To satisfy the energy requirement of this growing nation, a smarter alternative must be
formulated. Awareness among the public is on the rise as the ramification of Global
warming is more apparent. Policies by the government for energy efficiency and
building certifications by various bodies serve as a catalyst to the green initiatives
flooding the market. This has encouraged the public to consciously take the Net Zero
route. But India has much more potential to produce Net Positive Energy Buildings
(NPEB) by solving many other crises that a developing nation faces, such as
increased waste generation and energy crisis to name a few. As the exploration into
sustainable and energy efficient buildings in India is still in its nascentstage, this
research aims to explore the current scenario of the status of nZEB in India, the
opportunities and threats, and address them.

1.7 Scope for Study

Policies by the government for energy efficiency and building certifications by various
bodies serve as a catalyst to the green initiatives flooding the market. This has
encouraged the public to consciously take the Net Zero route.



But India has much more potential to produce Net Positive Energy Buildings
(NPEB)by solving many other crises that a developing nation faces, such as
increased waste generation and energy crisis to name a few.

As the exploration into sustainable and energy efficient buildings in India is still in its
nascent stage, this research aims to explore all the opportunities available globally
andtranslate it to Indian context.



CHAPTER 2
LITERATURE REVIEW

2.1 Literature Study —1

Topic - Net- and Nearly- Zero Energy Buildings: A Review of the Definitions and
Case Studies

Author(s) - Ala Hasan, Ayman Mohamed, Mohamed, Hamdy

Aim - In this paper the definitions, terminologies, calculation methods and the
targetsin the two concepts of Net- Zero Energy Buildings (NZEB) and Nearly-
Zero Energy Buildings (nZEB) are reviewed.

Inference - The two concepts aims to eventually reach the zero-balance status,
however, the intermediate steps and the details of the approaches are different.

Place of study — Finland
Reason for selecting this paper - A simple and direct introduction for the topic
Codes/ Guidelines mentioned in this paper - Finnish Building Code 2012

Software used - IDA-ICE software and TRNSYS were used to find the case
studies' annual energy demand.



[ Concepts of nZEB }

Metric of Balance

Net Zero Energy
Building

Net Zero Site Energy Net Zero Emissions Net Zero Energy Cost

Net Zero Primary
Building Energy Building

Energy Building

Primary Energy Site Energy Energy Cost

(Source)

Building

Fig 2.1 Metrics of balance
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Fig 2.2 nZEB approaches

A Net-Zero Energy Buildings (NZEB) is an energy efficient building that balances its total
energy needs by on-site generation over a pre-defined period of time.



Nearly-Zero Energy Buildings (nZEB)

“A nearly zero energy building is a building that has a very high energy performance. The
nearly zero or very low amount of energy required should be covered to a very significant
extent by energy from renewable sources, including energy from renewable sources

produced on-site or nearby”

- Article 2 of the Energy Performance of Buildings Directive

Definition of reference buildings
{new buildings and existing stock}

Definition of packages of energy performance measures
[current requirements and beyond)

Framework conditions: Framework conditions:

climate, geometries, system performance etc. investment costs, interest rates, ensrgy price etc.
Calculation of energy perf for set of packages | delivered Calculation of financlal performance for
(current requirements and beyond) . energy set of packages
L P P oy o ) MY ) |
(31 CEN standards for EPBD) | {Net Present Value)
Ecomomic
Optimum Overview financial performance

Overview energy performance

of packages of measures of packages of measures

o s ]

Comparison
Improvement of framework
Comparison Environmental Targets New Target conditions (e.g. soft loans)
(e.g. for 2020 of NZEB)

— = Update -
Current minimum requirements s New minimum requirements

Update/
reporting cycle

Fig 2.4 Nearly Zero building approach



Conclusion

Net-Zero Energy Buildings (NZEB)

The NZEB aims at achieving the balance between the imported and exported energy in
terms of a defined metric during a pre-defined period of time. The zero-balance depends
mainly on the credit factors of different imported and exported types of energy and fuels.

Nearly-Zero Energy Buildings (nZEB)

2.1Nearly Zero Energy Buildings combines the lifecycle cost and primary energy
performance of different packages of measures in the building envelope, HVAC
systems and the energy supply systems and describes a comparative methodology
for finding the cost-optimal and Nearly- Zero Energy Building solutions. It stablishes
a comparative framework using the cost optimality method to achieve cost-optimal
levels for new buildings and renovations.

2.2 Literature Study - 2

Topic - Evaluation of the energy performance for a nZEB office building under specific
climatic conditions

Fig 2.5 Workflow chart



Author(s) - Nicolae Bajenaru, Andrei Damiana, Rodica Frunzulica

Aim - This study concentrates on energy efficient measures that proved to be cost effective
in a Life Cycle Cost Analysis, in order to cope with the rapid increase of greenhouse gas
emissions.

Inference - The Energy required for cooling is reduced by making the building ECBC
compliant. Then, the energy needs are fulfilled by solar panels. This made thebuilding Net
Positive while improving the indoor conditions of the building.

Place of study — New Delhi

Reason for selecting this paper - This paper relates thermal comfort to energy efficiency
(EE) and Life Cycle Cost Analysis (LCCA)

Codes/ Guidelines mentioned in this paper - This paper relates thermal comfort toenergy
efficiency (EE) and Life Cycle Cost Analysis (LCCA)
Software used - Design Builder + Energy Plus and System Advisor Model (SAM)

Methodology followed- Simulated research

f _Artificial lighting: 10.62 (8%)

Hot water: 0.73 (1%)
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Evaluation of the energy performance for a nZEB office building under specific climatic
conditions- Nicolae Bajenaru, Andrei Damiana, Rodica Frunzulica

The building obtained the net/nearly zero energy building (nZEB) status as it produces more
energy in a year that it consumes. A total of 64260 kWh of electrical energy are produced
whereas only 61086 kWh are consumed, the remaining 3174 kWh are sold to the local energy

supplier. On a yearly basis, the positive energy balance is maintained only during winter when
the requirement for cooling very less.

Electrical energy balance
7000

3000

energy[kWh]

Electrical

mm Electrical energy-produced [kWh] Electrical energy-consumed [kWh]

Fig 2.7 Annual electrical energy balance for the building studied

2.3 Literature Study - 3

Topic - Role of net zero energy building in energy security

Author(s) - Santosh D Jadhav

Aim - This paper discusses the net zero energy building concept and briefly reviews
the policy context that will make them common.

Inference - The overview on energy supply systems for nZEB and case studies
provides clarity on the subject.

11



Place of study — India

Reason for selecting this paper - This paper outlines the nZEB initiatives around
the globe.

Codes/ Guidelines mentioned in this paper - ASHRAE Vision 2020 report, The
AIA 2030 Challenge, Passivhaus, ecoENERGY Technology initiative

Between 2008 and 2013, researchers from Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, India, North Korea, New Zealand, Norway,
Portugal, Singapore, Spain, Sweden, Switzerland, United Kingdom and USA worked
together in the joint research program “Towards Net Zero Energy Solar
Buildings” under the umbrella of International Energy Agency (IEA). This paper
gives us an over view on the countries’ progress in going NZB route.

[ NZEB Supply options ]

h 4 h 4 v

ﬂ On-site Demand management \ ﬂ On-site Supply options \ K Off-site Supply options \
O Reduce the on site energy use [ Use of Renewable Energy [ Use of Renewable Energy sources
through energy efficient sources available within the available off site of the building and
technologies building connected to building’s distribution
0 Ex.: 1)Natural day light tube for [ Ex.:1) PV system system
lighting 2) Solar hot water system 0 Ex.: 1) Biomass, wood pellets,
2) Passive solar heating 3) Wind energy system ethanol.etc., can be imported from off
3) Earth pipe for cooling and site used to generate electricity on site.
heating 2) Purchase off site energy from
4) Natural Ventilation certified Renewable Energy plant

. AN AN i
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2.4 Literature Study - 4

Topic - Net Zero Energy Consumption building in India: An overview and initiative
toward sustainable future

Author(s) - Lohit Saini, Chandan Swaroop Meena, Binju P Raj, Nehul Agarwal and
Ashok Kumar

Aim - This paper aims to review the fundamental aspects for approaching net zero
energy consumption buildings (nZECB) keeping into consideration the effect of
building physics and challenges faced in the pathway and its feasibility.

Inference - Optimal sizing of components is overlooked on the other papers read. This
paper points out that the sizing of renewable energy system and energy storage
system is very important. LCPA must be performed during the designing phase to
determine the performance declination rate of the system and how long a building can
maintain to achieve its net-zero energy goal.

Place of study — India

Reason for selecting this paper - This paper gives an indepth insight on nZEB-
Limitations, approaches, challenges, opportunities, current scenario, policies locally
and globally and certifications.

Energy efficiency programmes mentioned - Passivhaus, Zero Carbon Australia
Plan, California Zero net energy plan, Energy Independence and Security Act (EISA),
EPBD Directive, Renewable Energy Sources Act, European Performance Building
Directives (EPBD), Energy Conservation Act, Buildings Energy Efficiency Programme,
Energy Efficiency Services Limited

Energy certifications - LEED, BREEAM, CASBEE, Building and Environmental
Performance Assessment Criteria, ASHRAE, IGBC, GRIHA,

Net Zero Energy Consumption building in India: An overview and initiative toward
sustainable future - Lohit Saini, Chandan Swaroop Meena, Binju P Raj, Nehul
Agarwal and Ashok Kumar

Through various studies, it has been found that there are only limited resources that can
be used as renewable energy sources and energy alternatives for a building to be an
nZECB.

13



Fig 2.9 Estimated Potential for Renewable Energy in India
(Energy Statistics 2019)

Indian policies aiming for an Energy efficient future:

National Mission for Enhanced Energy Efficiency, Jawaharlal Nehru National Solar
Mission, Integrated Energy Policy, National Mission for Sustainable Habitat, National
Mission for a Green India, Indian Cooling Action Plan

Retrofit for existing buildings

Rules, regulations, and guidelines are being projected and implemented mainly for new
constructions only, and for preexisting buildings, the policies are absent forretrofits. To
retrofit a preexisting building, the deciding factor is the net energy consumption of a
building in all seasons throughout the year that decides the amount of energy to be
saved in a building and the amount of energy to be generated through renewable energy
sources. The second factor is optimizing the energy of the systems installed that are
consuming high energy and through installing alternate energy-efficient systems (LED).
Through optimizing the lighting system up to 11% of building cooling load can be saved.

Energy consumption in India:

* Building Sector consumes 33% of total consumption

« India ranks 4t globally in CO2 emissions

* Power generation sector emits 2 of the total CO2 emissions in India.

+ Energy consumption in residential/ domestic sector is ~24% (2nd highest
energyconsuming sector in India) with a compound annual growth rate of 7.58%
from 2008-2019

14



Considering this, the GOI introduced Energy Conservation Act, which led to Energy
Conservation Building Code (ECBC) being formulated.

Conclusion

Improving and optimizing the building physics and components of building
envelope.

Pre optimizing the size of the system such as HVAC, energy storage, and energy
generation system to avoid oversizing and under-sizing to reduce the capital cost and
avoiding the reduced performance respectively.

LCPA and LCCA are important studies for the efficient performance of an nZECB.
Through evaluation of LCPA and LCCA, the duration for efficient performance and the
need for subsidies or incentives can be well figured.

The need for economic and technological enhancement is much awaited to compute
a well-designed nZECB.

Region and climatic factors need to be well determined. All construction elements
should be considered according to the local climatic conditions prior to the building
construction.

Retrofitting is a probable solution that will direct to increase the efficiency within
already existing buildings by changing the source of primary energy and improving
components such as HVAC, lighting can readily reduce the consumption of energy.

15



CHAPTER 3
METHODOLOGY

Pre- Thesis f — 3 —  Literature study-II 59— Analysis
i Stady of building components Cumperars L
Case study ' -
: ' : | Selection of efficient
Literature study i i clape | - -
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Literature study-1 Hierarchy in Design
4 — Building Iterations i Ski
Spatial Requirement for
a business centre F B C
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Fig 3.1 Workflow Diagram
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Project
name

zero
Energy
Building
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(A=)

Avasara
Academy

SIERRA'S
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CHAPTER 4
ANALYSIS AND RESULTS

4.1 Case Study Design Analysis

Typology

Office/

Academic

Academic

Office

Aim

To retrofit @
building to
make it a

To reduce
dependency
on
mechanical
systems for
ventilation

To reduce
Carbon
Footprint of
the building

Lighting
Passive Active
Light Tubes + Light Sensors
1. Basic + Tosk Lighfing
2. Mirrored
Mirored Ducts
Light Shelves
Building oriented
as per space
usage
-NDA-
Sky ight « Automoted LED
Motorized Lighting

internal biinds.

17

Table 4.1 Case Study Comparative Design Analysis

Design Interventions

Ventilation
Passive Active
Solar Personclized
chimney (+PV Ventilation
system+ Floor Floor Diffusers
Diffusers) Chillers with
high EER
CO2 Sensors
Solar Chimney+ Ceiling Fons
Earth Tube
Double storey
spoces
Cross
Ventiation
Zonal bi- Sensors help
directional to intelligently
heat maintain
recovery temperature
ventilation ond fresh air
system supply.

Thermal protection

Green Wall
PV Integrated Sunshades
Light Shelves

DIDV/ ~laA Cininall
Ui v Liul oiun vwwon

Deep corridors and
stairwell in the South.
Deep sunshadeson N, E
and W.

Bamboo screens
designed for the
comresponding face.

Motorized intemal blinds.
Automated LED Lighting
Deep sunshades

BiPV Windows to reduce
thermal ingress



4.2 Case Study Energy Analysis

Table 4.2 Case Study Comparative Energy Analysis
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4.3 Case study inference
01

* Protection from solar heat
gain
+ Smart fenestration-
Prevents glare, reduced
Efficient — heat gain, useful daylight

+ Employing passive
strategies to reduce the
load on active systems
reduces the energy

consumed.
- Utilizing opportunities Building transmission
the site has to offer envelope
reduces CO2 Footprint. A .
Passive
Strategie
02 o

3

+ Employing systems with
high efficiency reduces the

Constant operating and maintenance

Monitoring cost.

* It also reduces emission
during operation.

+  Sensors make the system
smarter.

04 -

+ Constantly monitoring
the energy usage helps
identifying anomalies
and rectify errors
immediately, saving
cost and unnecessary
wastage of energy.

Fig 4.1 Case study inference
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4.1 Case Study + Literature review

Optimized design \
Highly efficient building “Bealls &
Passive

; e
strafegies Enhanced thermal —
comfort

ECBC

Compliant

Efficient
active
mechanisms

Fig 4.2 Case study and Literature review inference

Note: For how long a building can remain nZEB depends on the approach. It has to be
monitored constantly.
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CHAPTER 5

SITE

5.1 Site Selection

LEGEND
y E CCHENNAI CITY BOUNDAF
l._ E VILLAGE BOUNDARY
2 E BLOCK BOUNDARY
D PRIMARY RESIDENTIAL
- D MIXED RESTDENTIAL

| [psee—"
- INSTITUTIONAL
- INDUSTRIAL
SPECIAL AND HAZARDC
INDUSTRIAL

Fig 5.1 Site Location
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Aarti Chambers and AASI Centre, Thousand Lights, Anna Salai.

The site is located in the older parts of Chennai, on Anna Salai. Many buildings are
left abandoned along this stretch as Chennai expanded and business hub moved
away from the heart of the city ['l. This site is selected for (1) its good proximity to
the public transport (bus stops situated less than 1km and metro station access
right within the site) which should encourage the users to opt to more sustainable
means of transport, (2) the buildings on site are in a dilapidated condition (aarti
chambers is still operating, posing a threat to the occupants and users and AASI

towers are left unused.

Wf;.-nbm.m,.:u

-
*

T )
bbbk bl

.

Fig 5.2 Site Photos
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mahoney

recommended

climate consultant

CHAPTER 6

CLIMATE ANALYSIS

6.1 Climate study
6.1.1 Chennai climate

2 Monthly
_S- Season | Months Ty durnal
O ¢ Ave.
5 tar
jpor
Summer s
m Global
liun Do not fall|
under
High
Dy Global
Monsoon Radiation
Monsoon (fpercent) FECORDED1GH - »
- = il =0 AVERAGE HIGH -
14%_ 1 Comfartfsh iwx) "] MEAN .
v P O i E RO e L 1s i P B
| North,  oinmdtisstpibisci il @ w - w | monthly average sky cover flop) | meommiow. -
N NNE, S 4 R S N e e i Bl sky cover range (below) kiarofsis
% rmnwmwml
= - e | —
Feb Direct r :':3': F;Eﬁi'&'mﬁﬁi S By i
haaation L L v coswg soeoommiave nrarsaas =TT —H_' ==
e i i
5 e Orientation North and South (Long Axis East - West) - AT
"'E |Spacimy Open spacing for breeze penetration but protection from hot and cold wind 3 e e -+
O " Rooms single banked, permenent provisions for air movement A O T
%m”-umommwmw% " : || — '
mh L L=
QI Light walls, short time-lag 3 }_
&7 g, insulated roofs o L e U O O

Chennaicity experiences a warm and humid climate asit lies
near the coast and thus does not have any sort of extreme
seasonaltemperature. Chennaigetsmost of its annual rainfall
from mid-October to mid-December. The heatin Chennailis
due toits proximity to the equator and the coast of Bay of Ben-
gal. Asthe sunshinesstrongly onthe fropics, particularly on the
warmoceans, theoverlyingatmosphere becomesveryhumid.

annual wind

wheel (right)

annual rain fall
(farright) 1=

Fig 6.1 Climate and Site
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6.1.2 Site level Climate analysis and inference

SUMMER
MARCH - June

May

N
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CHAPTER 7

e High global radiation (May and June)
» High wind velocity (May)
Conpmons e Highest humidity during May and April
e High cloud cover in April and lowest in
May

Summer
MarcH - June

e High heat & humidity and low cloud
cover & high humidity, both causes
high levels of discomfort.

s May month has high global radiation

i which results in heat waves and high

sensible heat.

ProsLems

A

# Efficient solar shading devices provides
protection from radiation.
= Snace cooling provides relief and

comfort.

SoLunons

Monsoon = August and September has high
Jury - OctoBER global radiation.
# High sky cover reveals throughout
the season.
* Humidity peaks towards the end of
monsoon.

ConNDITIONS

June
July « High cloud cover, radiation and hu-
midity leads to high discomfort.
ProBLEMS » High cloud cover results in uneven
i’ﬁ? lighting.
« Driving rain from west and southwesi.

» The humidification is necessary.
Cooling is required.

= Efficient shading fo cui off radiaiion
but not hinder lighting is required.

SoLunons

» High humidity during November.
WiNTER » High direct radiation during Jan and
Novemser - FEBuarY Feb.
Conomons * High wind velocity during Nov.
» Cloud cover is high during December
and low during Feb.

® High radiation on the south.

» Diffused radiation during December
and high amount of direct radiation
during Feb.

ProBLEMS

* Efficient solar shading devices pro-
vides protection from radiation.
Solwwmnons  ® The humidification is necessary.
» Cool breeze and weak radiation
provides natural comfort.
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FORM EVOLUTION

The Metro exit within the site
poses a challenge as 7m wide
setback has to be give on all
three sides of the structure
and no intrusions above is
possible either. Thus, the
options are limited. The three
forms that were selected are
shown in Fig. 7.1 and more
iterations for them were tested out.

Fig 7.1 Primary forms for which iterations were tested

] a5 # 4755
P Moom My Mathad Pk Fare: iy - Dt Mttt b
Ay Sakal, Charma, TH 6000 A S, Chorena, TH S00086.

v g %03.2 1806

Range: Year Method: Cumulative
Anna Salai, Cheanal, TN 600086

Fig 7.2 Final form

Thermally Comfortable open spaces for outdoor recreation that can double as outdoor workspaces
are created. The projecting floors provide shaded outdoor spaces that can compensate for the lack
of outdoor spaces on the ground level. The projection on Southwest also shades the floor below
there by controlling the amount of radiation that falls on that face. As it can be seen from e1 and
e2, the west is well shaded during May which is peak summer month. Southwest receives 500
Wh/m2 during December when the climate is cooler and so the week winter sun does not cause
much discomfort. The outdoor face should be design so as to reduce glare from evening sun.
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CHAPTER 8

SHADING DEVICE DESIGN

The base case without sunshade has 15% glare. 40% WWR has been divided between the
clerestory window strip and large windows. Efficient shading devices can cut down the
glare. Shading devises are calculated with the help of is:sp.41.1987. The windows are shaded
by a sunshade and horizontal shade at the middle if the window and the exterior spaces are
shaded by carefully designed deep louvres. To control the glare on the west, louvres are
coupled with tall shrubs on the green terrace. The north easy corner also faces glaring issues
but to retain optimal lighting within the building shading is provided only to a certain height and
vegetative ground cover is provided to eliminate glare.

Base Case- ASE

E

Annual Sunbght Exposuress,: 15.76% one 0L

T T
Hmn M
g
Tamigpenil
LU

1

Fig 8.1 Shading device
design to reduce glare




9.1 Opaque Assembly

5 O .

CHAPTER 9

MATERIAL STUDY

Table 9.1 Comparative Opaque Wall Material Analysis

51

i ]

l | 115mm Brick/ 115mm Brick/ Hollow Concrete

i Conventional Brick I 20mm air gap/ 50mm insulation/ block Without

. Assembly , 230mm brick 230mm brick insulation (200 mm]|i
Total Thickness 255mm _ 340mm 367.4mm 482mm
Total U Value  © 1.997 i 1.24 0.8B86 0.62
Time Lag I 7.35 § 11.55 11.35 10.57

i !

i I

i I

i 1

1 !
Assemnbly view .

I AL = | e =y

| i |8 B

i - i H -_ i

1 L
Assembly Section | = |

o e oo oo e e ol

Hollow Concrete

Double brick wzsll with extruded

i | g

[Hollow Concrete block wall with 2.4"

block With polystyrene 5 extruded polystyrene
1)| insulation (200mm) Insulation- 2.4" Insulation- 3" Uﬁ_':‘ithuut Insulation |With Insulation
482mm 311mm 320mm " 4pamm 404mm
0.423 D422 L 0.357 0.392 0.315
10.59 9.45 ' 9.65 i 7.9 10.72

R At |
L

e
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lable 4-7 Opague Assemnbly Magirmyrm U-foctor (WmeK) Bequirements for a ECBC compliant

Conventional wall assembly is

Burilding
GRRRREHak aa  Waka Teai s  Selected as the base case and other
—— - . dry  hamid % alternatives have been compared.
AN belicing type, seop) " o e {\L‘”‘ The selection is based on two criteria
Mo Star Hotel < 10,000 m? 063 0.63 0.63 TS ‘\:\ddo — High U Value and High Thermal
AGA AN Lag. Opaque Software has been
Business < 10,000 m® AGA 063 0.63 063 & B3N pap d to simulate th blies’
Schaot <10,000 m® AGA DES (85 0.85 _Eg{“!-;m' 040 use 0_ simu a € ihe assem _'eS
- properties. It is seen that adding
insulation is helps achieve ECBC
:I{nl:f-:r‘.f,. 10 Vertical Fenestration Assembily U foctor and SHGC Requirerrents jor ECBC prescribed U Value. Hollow concrete
L _ o~ block, (both with and without
i i v e AR i O e “% " insulation within) with extruded
Maxierum U-factar 300 3.00 ‘d,_o\b\‘*w-‘ 3,00 polystyrene was seen to be the best
b . : i ies, bu
o e ] . ~Taue . interms of thermal properties, but the
North AN thickness of the assembly will eat up
Maalriam SHGE Narth 050 0.50 \'\,J‘ 0.50 062 the usable floor space Thus. double
fior latitude 2 15N o ) . ) : ’
Miirrism SHGE Narth 027 0.27 07 062 brick wall with 3” extruded
ot istinde s L34 E polystyrene is chosen.

.
Sew Appendid A lor default values of unrated Irnl'-'.tr.lrinrt\‘
iy

Fig 9.1 ECBC Prescribed values for wall
assembly and fenestration for warm
and humid climate

Standard thicknesses : 6-8-10 mm (othar on requeast)

&verage performance valuas of CGU (6+12+45 mmib with coating on surface 52, according to the standards 150 050 ml /EM 737 and to tha standards HFRC 100 ..:.rfﬁ‘_,.

Light E xbmrrl Irvimrres] L-Wihe s WA L)

Trans- shadiregy Light Light

miftimnos Baler Factor = Caafficlant Reflactonoe  Redecsnoe
Product Harm LT () g -malus 5C LAs (%] L (%) 12rmm air Emmagon | gmiinble colors®
SEN 144 11 150 A0 03z o2& 20 i3 1= 11

SR 744 11
EL a4 SN el
HFRC 40 02z o3& i) = 154 142
- Erws = Blus = Br =

Fig 9.2 Fenestration material selection

7.2 Fenestration

e Maximum allowable Window Wall Ratio (WWR) is 40%

e Minimum allowable Visual Light Transmittance (VLT) is 0.27

e Assembly U-factor includes both frame and glass area weighted U-factors
» Assembly SHGC includes both frame and glass area weighted SHGC
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7.3 Roof Material

Table 9.2 Comparative Analysis of Roof Assemblies

Roof RT (m.K/W)

Conventional Roof 0.623
Cool Roof 2.764
Foamed Concrete Roof 3.786
Green roof 8.445

Foamed concrete +
Green roof 9.32

Foam concrete is a light weight high strength building material that is new to the
industry. Structural stability of the material is still in the research stages but its

U (w/Mk)

1.61
0.36

0.26
0.12

0.11

porous property is found to make this product an excellent insulator.

" Ta

10

. =\Vepetaton layer

~ . is (Rommel, 2019) and adding
‘ . Faoric ma (sol er layer additives and aggregates
2 ' m Comehpmeeaasen - strengthens it without adding more
‘ r o weight. Coconut fibre is found to
] s e make the concrete thermally efficient
‘ W "M {Shonkor Ganesan, B15i at 0.38W/mK. Coir fibre as natural
- ' biodegradable product has high
Fig 9.3 Foam concrete percentage of hemicellulose and lignin which
roof with green roof contribute to the high heat resistant (Shankar

Ganesan, 2015). Green roof reduces the indoor and
outdoor temperature tremendously. Coupling it with foam concrete enhances
the heat reduction. The latter is much more efficient than just the foam concrete
roof. The outdoor temperature is reduced by 56% and indoor temperature
by 57% with foam concrete green roof. There is a 28% reduction in indoor

air temperature (Abdul Munir, 2019).

CHAPTER 10
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HVAC

10.1 HVAC in Office Buildings

Designing a HVAC system to provide comfort all-round the year is essential. But in
practical, for warm and humid climate of Chennai, the cooling needs during the
hottest period is more important. Designing for that month ensures comfort
condition year through and also reduces the overall operating cost. This helps
elongate the design’s lifetime by increasing the efficiency of the cooling system.

First, the thermal gain through the envelope, i.e, walls, roof and fenestration around
the space under consideration is calculated. Then the barriers, such as walls,
ceiling and partitions are calculated. this will give is the total heat gain for the
building. The tonnage of the AC plant must be designed to remove the heat gain so
calculated.

Designing a HVAC system to provide comfort all-round the year is essential. But in
practical, for warm and humid climate of Chennai, the cooling needs during the
hottest period is more important

HVAC Efficiency Comparison

2000.00 150,000
1800.00

1600.00
1400.00 135,000
1200.00
1000.00
800.00
600.00 120,000
400.00
200.00 I I I
0.00 105,000

Base Case Only Only Walls  Only Roof Design Case
Windows

mkw ®Tonnage Required Dehumidification CFM

Fig 10.1 Comparative analysis of the impact of building
elements on the HVAC system
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For Chennai’s climate, Cooling as well as Dehumidification is necessary for indoor comfort.
Therefore, while designing the HVAC system, both, the tonnage required for cooling the
space, as well as the dehumidification CFM must be calculated. The impact of the envelope
elements is tested by changing each of the element individually.

It can be seen that there is not a massive difference in the tonnage requirement, but the

dehumidification requirement is greatly reduced by changing the base case single glazing to
double glazed argon filled glass with low-e coating.

4.6.1 Conventional cooling vs Underfloor air distribution (UFAD)

In conventional cooling method, the air ducts run at the top of the room, either within the
false ceiling or exposed. the air is pumped from the AHU, pushed through the ducts and
pushed out with a certain force so that the cool air will reach the occupants below.

In Underfloor air distribution system, the ducts ho underneath a sub-floor, and air diffusers
at the floor pushes air up to the occupancy level.

y - return air
- = . S S
T — — — : el
= S 5 N L
- -

subfioor for ducting.

raised floor

- . e . ¥
N ‘- desktop/partition
o ) . diffusers
Y = b J f
\ M T
o
—
T(’w structural slab
et O

floor diffusers

modular
wiring

supply air
underfloor plenum

32
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Room

Raised Floor
.‘:\- Floor Diffuser Panel
; \a 7. [ L
Plenum | Underfloor Plenum
et | D .
riet | =) Fig 10.3 UFAD Floor

Diffusers

Concrete Sieb Ceiling Plenum

Which is more beneficial?

Cooling is done for occupants’ comfort. The air has to reach the occupants and so the
temperature at occupants’ level is measured. When the desired indoor temperate is
reached, the AHU need not provide air at full volume.

Thus, the system that helps achieve occupant comfort faster is more efficient. The floor
diffusers Pushes air and cools the occupancy zones much faster and thus achieves
occupancy comfort sooner.

Pros:

e Reduced life cycle building costs

e Improved thermal comfort

e Improved ventilation efficiently and indoor air
quality

e Reduced energy use

e Improved productivity and health

Cons:
e Technological needs
* lClewkar]:cll l;nfamtl! 'ar tec;hgolqu ideli Fig 10.4 a) Conventional cooling with
* H?Ch o ? ormation and desigh guidelines overhead ducts and b) UFAD with
° righcosis ) i subfioor for ducting.
e Limited applicability to retrofit construction

4.6.2 Energy Recovery Ventilator (EVR)
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An EVR captures the exhaust air which is cool. uses the chilled air to cool the incoming hot
air. This reduces the energy that must be spent on cooling the fresh air 100%. It has proved
to remove 70% of the heat of the incoming air, thereby reducing the overall energy load on

the AHU.

CHAPTER 11
Lighting

4.6.2 Daylighting

Lighting for December was simulated as
December has high cloud cover. The edges of the
building have high Lux level during the time of
simulation- 12pm. This is due to the low angle of
the sun during December. Occupant control
shading devices are required for their comfort.

Light shelf is installed at the base of clerestory
window to enhance the indoor lighting and cut
down on glare. A specially designed light shelf is
compared with the conventional one and the
difference in performance was negligible. But
bright shelf did take light a bit farther into the room
in comparison and hence was chosen.

Manufacturer BrightShelf

Complies with NAAMM "Metal g
Product Finishes Manual" _
Material Aluminium e .
Lighting Sheet | clear Floor 11 Floor5
Finish: (Top anodized
Reflective Sheet) | bright finish oo o0 oo
Total
Reflectance (TR) 98%
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Total
Reflectance (TR) 97%

Shelf Projection | 2'-1"

Made with and is recyclable.
Unique design provides more light
than a normal light shelf.

Low emitting materials= Better
IAQ.

Movable= Occupancy Control. Fig 11.1 PIT Daylight simulation for the
Utilize highly reflective (specular) month of December

lighting sheet that does not absorb
Sustainable heat to the extent of more matte
aspect finishes. =

4.6.2 Artificial Lighting Fig 11.2 Comparison between flat light

shelf and BrightShelf
The lights required is calculated and the energy

consumed is calculated by Lumen’s method. The
lighting energy consumption for Base case and Design case is calculated. Refer
appendix for the details of the lights selected.
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CHAPTER 12

Conclusion

The building material that was chosen reduces the cooling energy needs thereby
reducing the load on the HVAC system. Changing the fenestration type showed
tremendous reduction in dehumidification needs as the sensible heat gain is
reduced by switching inefficient single pane windows to highly efficient double
pane windows. Furthermore, employing variable frequency drive (VFD) provides
cooling only when necessary, thereby reducing the hours of usage. Further savings
can be seen in the long term if underfloor air distribution is implemented.

Base case:

Tonnes required for 1day= 516

1 tonne = 1.5 kw

Therefore 516.50 x 1.5=774.75 which is kw required per hour.
Therefore, kw required per day = 18594 kwh

As per slab rate cost per day= Rs.1,48,752
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Design case:

Tonnes required for 1day= 462.65

1 tonne= 1.5 kw

Therefore 462.65x1=5=693.975 which is kw required per hour.
Therefore, kw required per day= 16655.4 kwh

As slab rate cost per day= 1,33,243.2

The difference in cost between base case and design case per day = Rs. 15,508.8
For a year the design case saves Rs 56,60,712.

Table 12.1 Energy Consumption (kWh per yr)

Base case Design case
Light Consumption 5,98,406 5,09,176
HVAC Consumption 67,86,810 42,55,455
Overall Consumption 73,85,216 47,64,631

The Overall energy consumption of the building is reduced by 32.5% because of
the selection of efficient building material and HVAC design. The required amount
of electricity for the base case can be entirely produced with rooftop solar panels in
250sgm of area. The design case requires much lesser energy thereby making this
a nearly zero energy building. The surplus energy can be sent back to the grid.
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COLUMN CHART - Consumption Comparison

W Base case [ Design case

r— = = -35.5%
| 37.3% ) i

e a

kvhr per year

r
Light Consumption ] HVAC ConsumptionJ Overall Consumption

Fig 12.1 Energy Consumption (kWh per yr)

- RESULTS
It can be seen that sizing the HVAC 7,905,529 kwh/Year*
system to the requirement creates a Month Solar Radiation AC Energy
massive reduction in energy consumption. e o
. January 6.45 798,441
The second largest energy consuming — - 76648
component of a commercial building is March 705 851,537
artificial lighting. Addressing both these ':A";' - o
components creates an overall reduction s sor 07054
of 35.5%. July 464 569,773
August 4.66 573,428
. September 4.95 585,284
The energy required can now be produced i o 595,023
on site with rooftop solar panels. The November 380 460432
panels selected are bi-facial solar panels. pecember . e
. . Annual 5.50 7,905,530
These panels, when coupled with white
roof pl’OdUCGS more electricity than a Source: https://pvwatts.nrel.gov/pvwatts.php

conventional solar panel. The light reflected
off the white roof hits the back of the panel which also produces electricity, thereby
maximizing the energy output of the PV System.

Appendix

Lighting

Artificial Lighting- Calculation
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For time period between 8am to 5pm

Area: 2227 Sqgmts; Timings: 8amto5pm; Hours:9hrs

No of lights reqd:

N=E*A/(F*UF*MF)

N=200*2227/(4800*0.5*0.85)= 218.33

Aprox. 218 LED light fixtures are required to light the whole building during the time period.

Wattage calculation:

For 218 light fixtures electricity consumption is as follows:

For a year at 9 hours per day

9*365= 3285 hours

3285*218*43 = 30,793,590 WH

(i.e) 30,793 Kwh consumption (a)
For the lighting area of 2227 Sq mts, it is

39,793 /2227 = 13.83 KWh/Sq mts

For time period between 5pm to 8am

Area:8289.88 Sq mts; Timings: 5pmto 8 am; Hours : 15 hrs
No of lights reqd:

N= E*A/(F*UF*MF)

N=500%8289.88 /(4800*0.5%0.85)=2,031.83

Aprox. 2032 LED light fixtures are required to light the whole building during the time period.
Wattage calculation:

Chopstick LED light fixture comes in 4800 lux and 43 watt

For 2032 light fixtures electricity consumption is as follows:

For a year at 15 hours per day

15*365= 5475 hours

5475*2032*43 = 478,383,600 WH

(i.e) 4,78,383 Kwh consumption (b)
For the lighting area of 8,285.88 Sq mts, it is

4,78,383 / 8289.88 = 57.71 KWh/Sq mts

For one day consumption is 2032 lights * 43 watts *24 hrs
ie 20,97,024 w per day
2097.02 kwh per day

Total consumption of electricity for a particular year will be
30,793 + 478,383 = 509,176 Kwh---=--smeeeeeeev (a+bh)
BASE CASE

For time period between 8am to 5pm
Area:2631Sqmts; Timings: 8amto5pm; Hours:9hrs

N=200*2631/(3650*0.5*0.85) = 339.21 approx 400

With 3650 lumens and 200 flux, lights reqd is 400
Wattage calculation:
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For a year at 9 hours per day

9*365= 3285 hours

3285*400*37 = 48,618,000Wh

(i.e ) 48,618 Kwh consumption (c)
For the lighting area of 2631 Sq mts, it is

48,618 /2631 = 18.48 KWh/Sq mts

For time period between 5pm to 8am - ( 15 hours need full lighting)
Area:8421.44 Sgmts; Timings: 5pm to 8am; Hours: 15 hrs
N= E*A/(F*UF*MF)

N=500*8421.44/(3650*0.5*0.85)=2714.4

With 3650 lumens and 500 flux, lights reqd is 2714

Wattage calculation:

For 2714 light fixtures electricity consumption is as follows:

For a year at 15 hours usage per day

15*365= 5475 hours

5475*2714*37 = 549,788,550 WH

(i.e) 5,49,788 Kwh consumption (d)
For the lighting area of 8421.44 Sq mts, it is

549,788 / 8421.44 = 65.3 KWh/Sq mts

2714 lights reqd
2714*37%24 = 24,10,032 Whr
i.e 2410.03 kwh per day

Total consumption of electricity for a particular year in the BASE CASE will be 48,618 +5,49,788 = 5,98,406
I (c+d)

Artificial Lighting- Light Selection

Base Case
Design Case

Technical specifications

P, Technical specifications PHILIPS
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Base Case

Cooling Load Calculation

HVAC Calculations

Table A: Cooling and Heat Load Estimate (Base Case)

TEMP
ITEM AREA DIF FACTOR BTU/HR
SOLAR GAIN GLASS
GLASS-N 2268.5 | X 39 X 0.68 60161
GLASS-E 2125 | X 11 X 0.68 15895
GLASS-S 3406.2 | X 11 X 0.68 25478
GLASS-W 510.21 | X 158 | X 0.68 54817
GLASS-NE 2946.3 | X 11 X 0.68 22038
GLASS-NW 2585.1 | X 148 | X 0.68 260162
GLASS-SE 1626 | X 11 X 0.68 12163
GLASS-SW 29522 | X 66 X 0.68 132497
SKYLIGHT
SOLAR & TRANS GAIN -
WALLS & ROOF
WALL-N 3346.1 | X 18 X 0.35 21080
WALL-E 5364.4 | X 32 X 0.35 60081
WALL-S 3868.5 | X 30 X 0.35 40619
WALL-W 15273 | X 26 X 0.35 13898
WALL-NE 3249.8 | X 24 X 0.35 27298
WALL-NW 2889.9 | X 20 X 0.35 20229
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WALL-SE 3546 |X| 32 |X| 035 39715

WALL-SW 29879 |[X| 28 |X| 0.35 29281

ROOF SUN-INSL 25506 |X | 49 |[X | 0.10 125422

TRANS GAIN - EXCEPT WALLS

& ROOF

ALL GLASS 18420 |X | 28 |X | 1.13 582795

PARTITION 300 (x| 23 |x| 03 2070

CEILING 78253 |x | 23 |x | 0.39 701929

FLOOR 91059 23 0.39 816799

INFILTRATION AND OUTSIDE

AIR

INFILTERATION X X| 108

OUTSIDE AR 11214 |[X | 28 |X| 01 [X|11] 33910

INTERNAL HEAT

PEOPLE 1150 | X | 245 281750
SUB-TOTAL i

SAFETY FACTOR 12.50% 422511

EFFECTIVE ROOM SENSIBLE

HEAT i

OUTSIDE AIR 11214 |X | 68 |X| 01 |X|07| 51851

PEOPLE 1150 | X | 1150 1322500
SUB-TOTAL it

SAFETY FACTOR 5.00% 68718

EFFECTIVE ROOM LATENT

HEAT it

OUTSIDE AIR HEAT

OUT AIR-SENS 11214 |X | 28 |X| 09 |X|11| 305188

OUT AIR-LAT 11214 |X | 68 |X| 09 |X|07| 466662

(ERSH+ERLH+OASH+OALH) SUB-TOTAL i

SAFETY FACTOR 3% 180526

GRAND TOTAL HEAT it

TONS 516.50
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Dehumidification Calculation

Table B: Dehumidifying Load Estimate (Base Case)

EST FOR MAY LOCAL TIME HHtHHHH
COND DB WB RH-% DP | GriLb
OUTSIDE 103 82 133
ROOM 75 50 65
DIFF 28 68
FRESH AIR
PEOPLE 1150 | CFM/P 5 5750 | CFM
AREA 91058.9 | CFM/SQF 0.06 5464 | CFM
FA 11214 | CFM
SENSIBLE HEAT
FACTOR
ERSH 3802599 SHF 0.72
ERLH 1443069
TOTAL 5245668
SELECTED
INDICATED ADP 47 ADP
(1-BF)X (ROOM
DEHUM RISE TEMP-ADP) 25.20
EFFECTIVE ROOM
DEHUM CFM SEN HEAT 139719
1.08 X DEHM RISE
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Table C: Cooling and Heat Load Estimate (Design Case)

Design Case

Cooling Load Calculation

TEMP
ITEM AREA DIF FACTOR BTU/HR
SOLAR GAIN GLASS
GLASS-N 2268.51 |X| 39 |X| 0.32 28311
GLASS-E 2125.03 | X| 11 |X]| 0.32 7480
GLASS-S 3406.16 | X | 11 |X| 0.32 11990
GLASS-W 51021 |X| 158 |X| 0.32 25796
GLASS-NE 2946.32 | X| 11 |X| 0.32 10371
GLASS-NW 2585.08 | X | 148 |X| 0.32 122429
GLASS-SE 1626.01 |X| 11 |X| 0.32 5724
GLASS-SW 295224 |X| 66 |X| 0.32 62351
SKYLIGHT
SOLAR & TRANS GAIN -
WALLS & ROOF
WALL-N 33461 |X| 18 |X| 0.06 3614
WALL-E 5364.35 | X| 32 |X| 0.06 10300
WALL-S 3868.47 | X| 30 |X| 0.06 6963
WALL-W 15273 |X| 26 |X| 0.06 2383
WALL-NE 3249.76 | X| 24 |X| 0.06 4680
WALL-NW 2889.92 |X| 20 |X| 0.06 3468
WALL-SE 354598 |X| 32 |X| 0.06 6808
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WALL-SW 2987.87 | X| 28 | X 0.06 5020

ROOF SUN-INSL 10745.7 | X| 49 | X 0.10 52654

ROOF SUN-WT 10745.7 | X| 49 | X 0.05 24221

ROOF SUN-GR 9319.148 | X| 49 | X 0.02 8676

TRANS GAIN - EXCEPT WALLS

& ROOF

ALL GLASS 18419.56 28 | X 1.13 582795

PARTITION 300 X| 23 |x 0.3 2070

CEILING 78252.99 23 0.39 701929.32

FLOOR 91053.32 23 0.39 816748.28

INFILTRATION AND OUTSIDE

AIR

INFILTERATION X X 1.08

OUTSIDE AIR 112132 | X| 28 | X 0.1 X11.08 33909

INTERNAL HEAT

PEOPLE 1150 | X | 245 281750
SUB-TOTAL 2822439

SAFETY FACTOR 12.50% 352805

EFFECTIVE ROOM SENSIBLE

HEAT 3175244

OUTSIDE AIR 112132 | X| 68 | X 0.1 X 10.68 51850

PEOPLE 1150 | X | 1150 1322500
SUB-TOTAL 1374350

SAFETY FACTOR 5.00% 68717

EFFECTIVE ROOM LATENT

HEAT 1443067

OUTSIDE AIR HEAT

OUT AIR-SENS 11213.2 | X| 28 |X 0.9 X11.08 305178

OUT AIR-LAT 112132 | X| 68 | X 0.9 X 10.68 466648

(ERSH+ERLH+OASH+OALH) SUB-TOTAL 5390138

SAFETY FACTOR 3% 161704

GRAND TOTAL HEAT 5551842

TONS 462.65
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Table D: Dehumidifying Load Estimate (Design Case)

Dehumidification Calculation

EST FOR MAY LOCAL TIME 04:00 PM
COND DB WB RH-% DP GriLb
OUTSIDE 103 82 133
ROOM 75 50 65
DIFF 28 68
FRESH AIR
PEOPLE 1150 | CFM/P 5 5750 | CFM
AREA 91053.3 | CFM/SQF 0.06 5463.2 | CFM

FA 11213.2 | CFM
SENSIBLE HEAT
FACTOR
ERSH 3175244 SHF 0.69
ERLH 1443067
TOTAL 4618311

SELECTED
INDICATED ADP 50 ADP

(1-BF)X ( ROOM
DEHUM RISE TEMP-ADP) 22.50
EFFECTIVE ROOM

DEHUM CFM SEN HEAT 130668

1.08 X DEHM RISE
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