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Energy analysis of ventilation is crucial in building
design and operation, as it directly impacts
energy consumption and indoor air quality. It

evaluates the energy required to operate
ventilation systems, such as fans and air handling

units, to minimize energy consumption while
meeting indoor air quality requirements.
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rning Objectives +

Energy Analysis: Envelope, Massing, and
POrientation Optimization

Energy Analysis: Initial Assessment
BREergy Analysis: Ventilation

Energy compliance modeling

Indoor and Site Environment: Thermal
~ Comfort

Indoor and site environments: air
- quality

Indoor and Site Environment: Lighting

Controls and monitoring: Control Hardware

Controls and Monitoring: Control Strategies
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INTRODUCTION

e Ventilation is the process of bringing fresh outdoor

air into a building and removing indoor air to
maintain a healthy indoor environment.

e Energy analysis of ventilation evaluates the energy

required to operate ventilation systems like fans, air
handling units, and natural ventilation strategies.

The ventilation rate is a key parameter in energy
analysis, determined based on occupancy levels,
building use, and air quality standards.
Calculating energy consumption of a ventilation
system includes fan power, energy required to
condition outdoor air, and losses in the ventilation
system.

Energy analysis can evaluate the effectiveness of
different ventilation strategies, such as natural
ventilation, mechanical ventilation, or a
combination of both.

This analysis helps identify opportunities to
Improve energy efficiency, reduce operating costs,
and enhance indoor air quality.
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YAL VENTILATION IN BUILDING DESIGN

e Natural ventilation is a crucial aspect of
energy analysis in building design and

energy efficiency.

L N e |t uses natural fo r.ces like wi n d and
kg buoyancy to provide fresh air and
BN remove stale air, reducing energy

N R consumption and enhancing indoor air
quality.

e Passive cooling is a key principle, utilizing
prevailing winds and temperature
differentials to create a natural flow of
air.

e A cross-ventilation system can be created
by strategically placing windows and
vents on opposite sides of the building.




NATURAL VENTILATION IN BUILDING
DESIGN +

e Natural ventilation can reduce indoor air
pollutants and improve overall air quality
by allowing for the exchange of indoor and
outdoor air.

e |t can also reduce the carbon footprint of a
building by reducing energy consumption
associated with mechanical cooling

systems.
I e [ncorporating natural ventilation strategies

can lead to significant energy savings and
contribute to a more sustainable built

environment.



ATURAL VENTILATION EXAMINES THE BENEFITS
AND CONSEQUENCES OF ALTERNATIVES

e Natural ventilation uses natural air
flow to provide cooling and fresh air
to buildings, reducing the need for
mechanical ventilation systems.

e |t can lower energy costs by
reducing reliance on mechanical
cooling systems and greenhouse gas
emissions.

e |t improves indoor air quality by
removing pollutants and odors,
creating a healthier, more
comfortable living or working space.
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NATURAL VENTILATION EXAMINES THE BENEFITS
AND CONSEQUENCES OF ALTERNATIVES+

e Challenges include dependence on external
environmental conditions like wind direction,
temperature, and humidity.

e To mitigate these drawbacks, architects can
design buildings with features that enhance
natural ventilation, such as strategically
placed windows, vents, and building
orientation.

e Understanding the benefits and
conseqguences of natural ventilation can help
designers create healthier, more efficient
living and working spaces.




_\_\_ MAL GRADIENT THEORIES IN ENERGY ANALYSIS
AND NATURAL VENTILATION IN BUILDINGS

The Stack Effect

’Q'ﬁﬁx’ﬁ'ﬁﬁ’ﬁ'ﬁ’ﬁ’ﬁ'ﬁ’ﬁ’ﬁ'ﬁ'ﬁ’ﬁ'ﬁ’ﬁ’ﬁ'ﬁ'ﬁ

e A phenomenon where warm air
rises and cool air sinks due to
temperature difference.

e Creates pressure difference
between top and bottom of a
building, facilitating natural
ventilation.

Example: A tall chimney on a cold day,
warm air rising through a stairwell or
atrium.




THERMAL GRADIENT THEORIES IN
ENERGY ANALYSIS AND NATURAL
VENTILATION IN BUILDINGS +

Buoyancy
e \WWarm air rising in a cooler
environment due to less denseness
of cool air.
e Harnessed by designers to create
passive ventilation systems.
I Example: Warm air rising to the top of a |

building can be vented out through roof :
vents or clerestory windows.



ENERGY AN/ MECHANICAL
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" ENER cv ANALYSIS IN MECHANICAL

EN ILATION SYSTEMS

' L—W \ h
e Energy analysis is crucial in determining the energy
efficiency and performance of mechanical ventilation
systems.
e |t involves measuring and evaluating the energy consumed
\ by the system to provide ventilation to a building or space.
\/ e The analysis involves calculating various energy
’\"’g parameters such as the energy consumption of fans, the
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heat recovery efficiency of the system, and the overall
¢ energy efficiency of the system.

-~ e Fan energy consumption is a key aspect of energy analysis,
as it is directly related to the amount of air needed to be
moved, the pressure requirements of the system, and the
efficiency of the fan.

e The heat recovery efficiency of the system is a critical
factor in determining the overall energy efficiency of the
system.

e The analysis of the heat recovery efficiency of a system can
help identify opportunities to reduce energy consumption,
optimize system design, and enhance overall energy
efficiency.



MECHANICAL VENTILATION ANALYZES
THE BENEFITS AND CONSEQUENCES OF
ALTERNATIVES IN ENERGY ANALYSIS.

Benefits of Mechanical Ventilation
e Controls indoor air quality by providing consistent fresh air
flow.
e Removes pollutants, odors, and excess moisture, creating a
healthier living space.
e Prevents the build-up of harmful gases like carbon dioxide.

e Improves energy efficiency by reducing the energy needed to S
heat or cool the indoor space. T

Consequences of Alternatives el | g ™

e High cost of installing and maintaining high-performance
ventilation systems.

e |[ncreased energy consumption, potentially increasing
operational costs.




g it

NATIVES TO MECHANICAL
ATION

e Natural ventilation or hybrid systems may be
more sustainable and cost-effective.

e Natural ventilation relies on passive methods,

while hybrid systems combine natural and

mechanical ventilation.

O

Conclusion

e Exploring alternatives in energy analysis helps
determine the most suitable ventilation strategy
for a building.

e By weighing the benefits and consequences of
different ventilation options, building owners and
designers can make informed decisions for
healthier, more sustainable indoor environments.




OPTIMIZED ZONE LOADING IN
MECHANICAL VENTILATION SYSTEM

Definition and Principles of Zone

Loading =

e Zone loading refers to the distribution 1L 1\
of airflow to different areas within a
building based on specific needs.

 The objective is to tailor the ventilation
strategy to meet these distinct needs
effectively while minimizing energy
waste.
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NCIPLES OF OPTIMIZED ZONE LOADING

e Dynamic Load Assessment: Understanding that

thermal and ventilation loads in different zones
fluctuate over time is fundamental.

Load Calculation: Accurate load calculations
based on ASHRAE standards are essential.
Demand-Controlled Ventilation (DCV): Integration
of DCV systems allows for real-time adjustments
to airflow based on occupancy sensors or CO2
levels.

Zoning Strategies.: Effective zoning strategies
might include variable air volume (VAV) systems
that adjust the airflow to each zone based on
real-time demand.

Thermal Comfort Considerations: The
optimization process must consider thermal
comfort indices such as PMV (Predicted Mean
Vote) and PPD (Predicted Percentage of
Dissatisfied).



APPLICATIONS OF OPTIMIZED ZONE
LOADING

e Office Buildings: By employing VAV systems
coupled with occupancy sensors, airflow can be
modulated effectively.

e Healthcare Facilities: By ensuring that critical
areas receive adequate ventilation, enhancing
patient safety and comfort without over-
ventilating less critical zones.

e Educational Institutions: By utilizing a DCV
approach, the ventilation system can increase
airflow during full class sessions while

preserving energy during less populated
periods.




“ATIONS FOR ENERGY EFFICIENCY

e Optimizing zone loading not only
enhances occupant comfort but
also significantly impacts energy
efficiency.

e A commercial building that
Implemented optimized zone
loading strategies demonstrated a
25% reduction in energy usage
related to HVAC systems,
translating to substantial cost
savings and a lower carbon
footprint.




INTEGRATING NATURAL AND MECHANICAL

VENTILATION INTO HYBRID SYSTEM

Principles of Hybrid Ventilation
e Combines natural ventilation and mechanical ventilation.
e Uses pressure differentials and mechanical assistance.

e Uses advanced control systems for automatic ventilation mode
adjustment.

Design Considerations

e Building orientation and layout impact natural ventilation
effectiveness.

e Climate zone affects hybrid systems' effectiveness.
e Occupancy patterns should be understood for optimal
ventilation.

e Energy efficiency is a primary goal of hybrid systems.
Operational Strategies

e Passive Mode: Operates in favorable weather conditions, relying
solely on natural ventilation.
e Mixed Mode: Utilizes both natural and mechanical ventilation.

e Fully Mechanical Mode: Switches to fully mechanical mode in
extreme heat or high humidity.
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ANICAL VENTILATION DESIGN

ASHRAE Standards

e ASHRAE Standard 62.1: Ventilation for Acceptable
Indoor Air Quality: Sets minimum ventilation rates and
measures for commercial and institutional buildings.

e ASHRAE Standard 90.1: Energy Standard for Buildings
Except Low-Rise Residential Buildings: Provides
minimum requirements for energy-efficient design,
including mechanical ventilation systems.

e Energy Recovery Ventilation (ERV): Promotes the use
of ERV systems that capture energy from exhaust air
to precondition incoming fresh air.

e Fan Power Limitations: Prescribes limits on fan power
for ventilation systems, encouraging the use of high-
efficiency fans and duct systems to minimize energy
consumption.



KEY REFERENCE DOCUMENTS IN
MECHANICAL VENTILATION DESIGN +

International Mechanical Code (IMC)

e |[IMC provides minimum regulations for mechanical systems,
Including ventilation, heating, and cooling.

e Key Concepts: Duct Design and Sizing, Installation and
Maintenance Guidelines.

e National Fire Protection Association (NFPA) Standards:
NFPA 90A: Installation of Air-Conditioning and Ventilating
Systems

LEED

e LEED certification program: Encourages sustainable building
practices, including efficient mechanical ventilation design.

e Key Concepts: Enhanced Indoor Air Quality Strategies,
Sustainable Sites and Materials.




RGY RECOVERY METHODS FOR
HANICAL VENTILATION

Introduction to Energy Recovery

e Energy recovery is the process of capturing and
reusing energy that would otherwise be wasted in
HVAC systemes.

e The primary goal of energy recovery is to
minimize the energy required for heating or
cooling incoming air while maintaining adequate

" | ventilation rates.

B Types of Energy Recovery Methods

e Sensible Heat Recovery: Transfers thermal energy
between the outgoing exhaust air and incoming
fresh air without transferring moisture.

e Enthalpy Heat Recovery: Transfers both thermal
energy and moisture between the exhaust and
Incoming air streams.

e Examples: Counterflow heat exchangers, air-to-air
heat exchangers, and enthalpy exchangers.
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ENERGY ANALYSIS OF RECOVERY METHODS

e Performance metrics like sensible heat
recovery effectiveness (SHRE) and enthalpy
recovery effectiveness (ERE) are used to
quantify the effectiveness of energy
recovery methods.

e An example calculation shows that a heat
exchanger with an incoming air
temperature of 5°C and an exhaust air
temperature of 25°C can significantly
increase the incoming air temperature,
resulting in reduced energy demand for
heating.




LUATING CROSS-CONTAMINATION
i IN MECHANICAL VENTILATION

Definition and Mechanisms of Cross-Contamination
e Cross-contamination refers to the transfer of
pathogens from one surface or patient to another,
leading to potential infection.
e |In mechanical ventilation, this can occur through
contaminated equipment, healthcare providers' hands,
and the ventilatory circuit itself.
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L 5 Mechanisms of Cross-Contamination in Mechanical

b -~/ Ventilation

@« Ventilator Circuit Contamination: The ventilatory circuit
IS @ prime site for microbial colonization.

e Aspiration: Patients who are mechanically ventilated
are unable to protect their airways, increasing the risk
of aspiration of gastric contents.

e Healthcare Worker Transmission: Poor hand hygiene by
healthcare providers can inadvertently transfer
pathogens from one patient to another.




FACTORS INFLUENCING CROSS-
CONTAMINATION RISK

e Duration of Mechanical Ventilation: The
longer a patient is on mechanical ventilation,
the higher the risk of colonization and
infection.

e Patient Characteristics: Immunocompromised
patients or those with chronic respiratory
conditions may have a higher susceptibility to
infection due to a weakened immune
response or altered microbiomes.

e Environmental Factors: The healthcare
environment plays a crucial role in cross-
contamination risks.
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NTAMINATION RISK

ATEGIES FOR MITIGATING CROSS-

e Strict Adherence to Infection Control
Protocols: Implementing comprehensive
Infection control measures can significantly
reduce the risk of cross-contamination.
Regular Monitoring and Surveillance:
Institutions should maintain surveillance for
HAIs, particularly VAP.

Education and Training: Healthcare workers
should be educated about the importance of
hand hygiene, proper use of PPE, and
adherence to protocols.

Use of Advanced Technologies: Implementing
closed suction systems and heated
humidifiers with bacterial filters can help
minimize the risk of microbial transmission.




VENTILATION SYSTEMS AND INDOOR AIR
QUALITY

e Ventilation systems deliver air in air-conditioned spaces,
Impacting thermal comfort and indoor air quality.

e LEED certification process includes increased ventilation as
a criteria under indoor environmental quality credits.

e Studies link ventilation systems to occupational health,
perceived air quality, thermal comfort, and occupant
productivity.

e Reliable predictions of ventilation system performance are
crucial for achieving high indoor environmental quality.

e Current prediction approaches include multi-zone airflow
networks and computational fluid dynamics (CFD)
simulation models.

e Understanding the strengths and weaknesses of these
models is crucial for successful use in ventilation system
design and operation.
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ATEGIES FOR MITIGATING CROSS-
'ONTAMINATION RISK

e Strict Adherence to Infection Control Protocols:
Implementing comprehensive infection control
measures can significantly reduce the risk of
cross-contamination.

e Regular Monitoring and Surveillance:
Institutions should maintain surveillance for
HAls, particularly VAP.

e Education and Training: Healthcare workers
should be educated about the importance of
hand hygiene, proper use of PPE, and
adherence to protocols.

e Use of Advanced Technologies: Implementing
closed suction systems and heated humidifiers
with bacterial filters can help minimize the risk
of microbial transmission.

— y
N y
" N
[ [ N
] sy
= Lo
e
Ly i
™
I o >
I 3 !

T

T



CONTACT U

| 6363032722
earn.beyondsmartcities.in

#55HMR Layout ,Bengaluru ,India



CITIES

THANK YOU

SMART




