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Abstract— Natural ventilation is a sustainable design 

strategy. However, its activity in buildings needs 

understanding of the many relevant aspects together with its 

driving forces and techniques. Natural ventilation is of an 

excellent environmental advantage, compared to the 

mechanical ventilation strategy. This has affected many 

researches on natural ventilation implementation in 

buildings, considering its main objective of providing 

buildings with the required air quality and amount. A review 

of human thermal comfort disclosed that natural ventilation 

incorporates a high potential for up thermal comfort in hot 

climates, implementing wind-induced ventilation, and in cold 

climates, implementing temperature-induced ventilation. 

Within this context, natural ventilation are often utilized in 

many ways and techniques for passive heating or cooling. 

Natural ventilation affects completely different heat transfer 

mechanisms between physical body and its close 

surroundings. This principally happens within the style of 

smart heat, by convection and radiation, and therefore the 

style of heat of transformation, by evaporation of wet on the 

skin. 
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I. INTRODUCTION 

One purpose of this paper is to provide a historical 

chronology of our experience with residential mechanical 

ventilation in production homebuilding since the 1990’s. The 

focus is on beyond-code to high-performance home 

programs. Issues framing the development of our process are 

discussed, and explanations of our current positions are given 

as a point of reference. A second purpose is to present recent 

ventilation system performance simulations conducted for six 

U.S. cities in six International Energy Conservation Code 

(IECC) climate zones (IECC 2006). Residential mechanical 

ventilation consists of two main categories: 1) local exhaust 

for removal of concentrated pollutants; and 2) whole-house 

dilution ventilation for dispersed pollutants. This paper 

pertains to the second category. Detailed review of common 

residential ventilation technologies can be found in Rudd 

(1998), Rudd (2006), and Russell (2007). 

 Since the commercial revolution, dramatic changes 

have occurred in the world of architectural design. The 

designer has stepped removed from straightforward 

vernacular styles towards a style, which is characterized by 

being heavily energy consuming, in terms of construction and 

operation. For example, it is estimated that 50% of all 

resources consumed across our planet are used in 

construction (Edwards and Hyett, 2001). Large amount of 

this energy consumption is spent on the operation and 

management of buildings indoor surroundings, which is 

heavily dependent on mechanical systems in many types of 

buildings and in different ranges. 

 This has resulted in an in depth consumption of 

unsustainable energy resources like fossil fuels, which affect 

the quality of our built environment. As the population of the 

planet will increase, dependence on these unsustainable 

energy resources isn't any longer ample nor reliable. 

Researchers nowadays, and for several decades, have baby-

faced the challenge of introducing solutions that increase 

buildings dependency on natural and property resources of 

energy. One of these challenges is to secure thermal comfort 

at intervals the indoor surroundings of buildings wishing on 

passive suggests that and systems. Amongst these passive 

systems is ventilation provision in terms of air amount and 

quality. It is associate degree recent drawback, yet addressed 

by many innovative solutions. One of these is that the easy 

and easy-to-use application of natural ventilation strategy. 

 This chapter aims to introduce a summarized 

presentation of natural ventilation applications in buildings. 

It defines the thought of natural ventilation in buildings, and 

compares natural and mechanical ventilation strategies. Then 

it presents some aspects of natural ventilation utilization in 

buildings, which includes its objectives, driving forces, 

strategies, and role for passive cooling. It then demonstrates 

the relationship between natural ventilation and human 

thermal comfort. This includes the thought of human thermal 

comfort, its personal and environmental factors, in addition 

to an overview on the related heat transfer mechanisms. Then, 

it highlights the role of natural ventilation in up thermal 

comfort conditions. This chapter concludes by comparing the 

advantages and disadvantages of natural ventilation use in 

buildings. 

II. LITERATURE REVIEW 

A. Phase 1 

In the early 1990’s, a number of whole-house mechanical 

ventilation systems and control strategies were evaluated with 

different homebuilders in different climates. While ideal from 

an engineering and performance point of view, we found that 

separately ducted, balanced heat recovery and energy 

recovery systems were not able to overcome the high initial 

cost barrier for most builders. Supply ventilation was known 

as being a most well-liked whole-house ventilation strategy 

over exhaust. With supply ventilation, outside air comes from 

a known source that can be planned based on the expected air 

quality; outside air can be filtered, tempered with 

recirculation air, and conditioned if desired; and outside air 

supply pressurizes rather than de pressurizes the building 

interior with respect to outdoors. House pressurization helps 

rather than hinders combustion appliance venting; it avoids 

drawing polluted air from a garage, crawlspace, attic, or from 

below floor slabs in soil contact; it avoids airflow related 

moisture mold problems in humid climates under cooling 

conditions; it works better with natural forces of stack and 

wind to increase air exchange (houses are generally 

depressurized under natural conditions, exhaust ventilation 

works harder against this depressurization than supply 
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ventilation) (BSC2007); and it can be applied in all climates 

including cold climates with airtight enclosure and insulated 

sheathing, or cavity spray foam insulation. Inline-type supply 

ventilation fans were tried first. Those required a field 

constructed filter arrangement. Then, a manufacturing partner 

developed a new product to integrate the supply fan and air 

filtration. However, challenges for both systems were as 

follows: 

 Required tempering of outdoor air, using 1 part outdoor 

air mixed with 2 to 3 parts recirculation air (less in mild-

dry climates, more in cold and humid climates). This 

extra air flow for tempering meant more fan power and 

energy consumption. 

 Separate ducting required at least two pickups (outside 

air and recirculation air) and at least one supply. If 

outside air was supplied directly into the main supply or 

return ducts of a central system, then condensation could 

occur in cool ducts after cooling cycles. If outside air was 

supplied directly to conditioned space, then at least two 

supply points were needed to avoid comfort complaints. 

 Required easy access to change another filter 

 Occupant resistance to the fan running continuously 

 Initial cost was still too high for most production 

builders. Some homebuilders that were immune to the 

price of the separate offer fan ventilation selected to put 

in single-point exhaust-only ventilation instead. 

Concerns soon arose with that system as follows: 

a) Dust marking on light carpets 

b) Activation of living space carbon monoxide alarms 

due to air coming from garages where car engines 

were the source 

c) Lack of filtration, evidenced by increased dirt/dust 

particles settling on window sills, and countertops 

d) Lack of ventilation air distribution, evidenced by 

odor buildup in bedrooms remote from the exhaust 

fan location 

e) Objection to continuous fan noise 

 At about the same time, cooling system right-sizing 

began to take hold with a number of builders who were 

interested in constructing high-performance homes following 

a systems engineered design. Over-sized cooling systems 

were common since the HVAC industry often felt that was 

necessary in order to compensate for many unknowns in 

building performance factors out of their control. By not 

over-sizing cooling systems, cost savings could be realized 

that nearly paid for the building enclosure improvements that 

were the basis of warranting the right-sizing. Such 

improvements included: 

 Eliminated draft discomfort complaints and frozen pipes 

due to air infiltration 

 Eliminated excessive energy demand and energy 

consumption due to high infiltration 

 Made controlled mechanical ventilation the dominant 

force for outdoor air exchange 

 Moving the entire space conditioning air distribution 

system inside conditioned space 

 High-performance glass (SHGC < 0.35, U-value < 0.35), 

having benefits of: 

a) significantly reduced cooling and heating loads 

b) increased comfort near outside walls; 

c) allowing more compact duct systems which made it 

easier to get ducts inside conditioned space which 

eliminated duct losses 

d) More uniform and better performing insulation with 

sprayed or netted-and-blown Cellulose. 

 Spray polyurethane foam interestingly, along with 

high customer satisfaction, due to the improved energy 

efficiency and comfort performance, came even higher 

expectations. In other words, home owners recognized a good 

thing, and wanted more of it. While most comfort issues were 

resolved through the efficiency measures described above 

and proper mechanical system design, temperature variations 

between the thermostat location and other floors or distant 

rooms could still be large. While the on-time for heating and 

cooling equipment is related to the load and equipment 

capacity, a challenging characteristic of high-performance 

houses is that the off-time between cooling and heating cycles 

is longer than for less efficient houses. Consistent air mixing 

for thermal comfort is needed as internally generated loads 

vary spatially and as solar heat gain moves with the sun 

moves around the house. This is especially evident during 

part-load periods when thermostat demand is low. 

B. Phase 2 

These factors brought us to consider central-fan-integrated 

supply (CFIS) ventilation ,such as was already being used to 

comply with Washington State ventilation code 

requirements, and in HUD Code (manufactured) homes. 

These ventilation systems involved outside air ducted to the 

return side of a central space conditioning system air handler. 

The amount of outside air supplied throughout the house by 

the air handler was dependent on the amount of thermostat 

driven fan runtime for heating and cooling plus an amount 

controlled by a timer that periodically energized the fan 

without accounting for prior heating and cooling operation. 

Those systems showed problems with: 

 Overlapping and excessive fan runtime that drove up 

operating cost and caused unusual/objectionable fan 

operation sequences. 

 Fan operation after shut-down of the cooling compressor 

causing unwanted evaporation of condensed water from 

the cooling coil, contributing to poor indoor humidity 

control in humid climates. 

 A new controller was then developed that built on 

the central-fan-integrated supply ventilation system strategy 

but accounted for prior fan operation due to heating and 

cooling. It assured a programmable minimum fan runtime and 

avoided fan-only operation for a programmable time after a 

cooling cycle ended. This improved CFIS ventilation system, 

with central fan cycling that took into account prior cooling 

and heating operation, was first used in high-efficiency 

production homes in the Chicago area in 1996. The design 

outside air flow was 10 cfm per person, with the number of 

people being equal to the number of bedrooms plus one. The 

system operated on a 33% duty cycle (10 minutes every half 

hour), so the intermittent outside air flow rate was three times 

the continuous ventilation requirement. During the first 

winter season, we found that some homeowners complained 

that the air in their house was too dry. Our monitored data 

showed relative humidity to be around 20% RH. We then 

reduced the outside air flow rate by an amount that accounted 
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for a low level of natural air exchange (about 0.07 ach) during 

the two-thirds time that the fan was off (Rudd 1998). With the 

low level infiltration adjustment for the fan off-cycle, the 

averaged intermittent mechanical ventilation rate was 

equivalent to a continuous rate of about7 cfm per person. This 

generally required a 6” diameter outside air duct rather than 

the previous8” duct. At that lower ventilation flow rate, 

complaints of wintertime dryness went away and complaints 

of odor buildup did not arise. That result has persisted for over 

a decade representing thousands of installations. It should be 

noted that a publication by Fonorow (2007) stated that he 

found acceptable results in hundreds of installations in the 

warm-humid climate with even a much lower ventilation rate, 

using “runtime ventilation”, which was a central-fan-

integrated supply ventilation system with a 4” diameter 

outside air duct and no central fan cycling (operation only 

coincident with thermostat demand for heating and cooling). 

 Use of the CFIS ventilation system then began in 

high-efficiency production homes in the predominantly 

cooling climates of Las Vegas and Tucson. There it was 

confirmed that the fan cycling strategy for delivery and 

distribution of ventilation air also solved a common thermal 

comfort problem of room-to-room temperature variation by 

making the space conditions more homogeneous. Room-to-

room temperature variations were reduced to the extent that 

builders began to guarantee not more than 3oF variation from 

the thermostat to any other room. Similar to Chicago, where 

a symptom of over-ventilation was found, in a Tucson 

project, a symptom of under-ventilation was found. Due to 

lack of adherence to the required ventilation system style, the 

average ventilation air flow was about 25% of the design 

amount. The outside air duct was connected to the return air 

system in such a way that only about half the design amount 

of outside air was being drawn in (insufficient negative 

pressure), and the timer was set so that the minimum fan on-

time was only half the design amount (10 minutes per hour 

instead of 10 minutes per half hour). Occupants complained 

of odor buildup and elevated interior moisture in winter. 

When the problems were corrected, and the ventilation 

amount was increased to the design amount, the occupant 

complaints were resolved. 

 Above-code production homebuilding projects with 

CFIS ventilation then began to take hold in locations across 

the U.S. In the very cold climates, the system was often 

combined with exhaust ventilation to create a balanced 

system that minimized any effect on house pressure with 

respect to outdoors. Use of the CFIS system became a 

standard for the Building Science Consortium, Building 

America projects (Rudd & Lstiburek 2001), and for the 

Environments for Living™ national private sector program 

by Masco which offered an energy-use and comfort 

guarantee. That includes over 150,000 such houses since 

1996. 

 An additional control strategy (outside air damper 

cycling) was developed to operate a motorized damper in the 

outside air duct such that the damper would stop the 

ventilation air supply if the central system fan was on longer 

than the programmed time for ventilation. In that way, 

excessive ventilation would not occur during periods of 

extended fan runtime (such as when recovering from heating 

set point setback or cooling setup, or during peak heating and 

cooling periods or if an occupant switched the fan from Auto 

to On). 

 A number of CFIS ventilation system ducting 

configurations were developed for different equipment 

installations normally utilized in observe (Rudd & Lstiburek 

2007). These configurations depended on factors such as the 

air handler location, the location and number of central return 

duct terminations, the location and type of air filtration, and 

accessibility to route the outside air duct to a planned fresh 

air location. Lab measurements of outside air flow rates using 

realistic configurations were compared to field measurements 

resulting in charts to guide designers, installers, and raters in 

the process of design and field verification. Research 

conducted by Rudd & Lstiburek (2000) showed that 

ventilation systems that used a programmed minimum 

amount of whole-house distribution and mixing via the 

central air distribution system had much less room-to-room 

variation in outside air delivery than systems that did not. A 

publication by Moyer et al. (2004) compared seven 

ventilation systems, all tested in the same lab house in Cocoa, 

Florida. The CFIS system with 33% fan cycling showed the 

lowest cooling and ventilation power (watts) usage as a 

function of temperature difference across the building 

envelope. Guidelines were developed to help HVAC 

contractors steer away from potential problems and to assure 

repeatable and successful results (Rudd 2006). 

C. Phase 3 

In 2003, ASHRAE published its first Standard dealing only 

with residential ventilation.2004 and 2007 versions have 

followed (ASHRAE 2007). The ASHRAE 62.2 Standard 

created a challenge in that it required about two times the 

mechanical ventilation airflow that we had been successfully 

using for more than five years in tens of thousands of houses. 

So, with a desire to support the Standard in principle, the 

question to be answered was: Should we increase the 

minimum fan duty cycle, or increase the size of the outside 

air duct to increase the flow rate. Increasing the minimum fan 

duty cycle much above 33% was determined to be not a good 

option for a number of reasons: 

 The neighborhood of 33% duty cycle fits well with 

normal system cycling during the heart of the heating and 

cooling seasons. Staying at or below that duty cycle 

maximizes “free” ventilation air distribution that occurs 

along with heating and cooling operation. Going much 

above that starts to add significantly to extra fan runtime 

which increases energy consumption. Fan energy 

consumption can also be significantly reduced through 

use of electronically commutated motor (ECM) blowers 

compared to permanent split capacitor (PSC) motor 

blowers. However, an ECM blower adds about $300 to 

$350 to equipment cost. 

 The higher the fan duty cycle the more potential for 

unwanted re-evaporation of moisture from wet cooling 

coils in humid climates. This has been shown to be an 

important factor with constant fan operation, but a 

minimal factor at fan duty cycle rates that generally 

match normal cooling system operation (Henderson et al. 

2007). Increasing the size of the outside air duct to 

increase the intermittent ventilation flow rate was also 

determined to be less than desirable for the following 
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reasons: Doubling the ventilation flow rate could 

increase the cooling equipment cost in some cases by 

pushing the equipment size to the next higher half-ton or 

one-ton increment. Two 6” or one 8” outside air duct 

would normally be required to achieve the higher 

ventilation flow rate.  

 Additional wall penetrations cost more, and large 

penetrations can be aesthetically objectionable. The 

successful solution was to upgrade any bathroom fan in the 

house to meet the ASHRAE Standard 62.2 mechanical air 

flow and sound level requirements (i.e. 1 one or less). 

This would add about $50 to $75 initial cost, but the exhaust 

plus CFIS system would still provide top performance at 

minimal cost compared to other options. Existence of a 

compliant exhaust fan and an on/off switch meets the 

Standard regardless of how much the fan runs. The fan should 

at least be activated by the occupants anytime the bathroom 

is in use. The CFIS system would still provide assurance of 

full distribution of ventilation, along with whole-house 

mixing for thermal comfort, but the exhaust ventilation 

system would be the ventilation system of record for ratings, 

or for code compliance if the ASHRAE Standard 62.2 was 

required by local code. 

 A new ventilation controller has recently been 

developed with enhanced capabilities to integrate the 

functions of a bathroom exhaust fan (or other ventilation fan 

such as an HRV) and central-fan-integrated supply 

ventilation with or without fan and damper cycling. The 

amount of outside air provided by the air handler can be 

dependent on normal heating and cooling operation or a 

minimum amount can be assured by the ventilation controller. 

The ventilation controller communicates with a wall switch 

that operates a separate ventilation fan (exhaust or 

HRV/ERV).Programmed operation of the separate 

ventilation fan can be coincident with CFIS, for intermittent 

balanced ventilation, or can provide continuous ventilation by 

alternating between CFIS and exhaust or balanced. The 

separate ventilation fan can be operated both manually and 

automatically, independent of or dependent on the central 

system operation. This control approach has the benefit of 

optimizing low operating costs. Fully distributed ventilation 

is provided at no additional cost by the air handler as it 

operates in response to normal calls for heating and cooling, 

then low-cost exhaust fan operation (using an existing bath 

fan) can automatically provide the balance of ventilation as 

needed. A minimum amount of air handler runtime can be 

programmed to maintain whole-house thermal comfort 

mixing and ventilation air distribution. 

III. CONCLUSION 

An evolution of applied building science, field experience 

with production home builders, performance monitoring, and 

computer simulations have shown the central-fan-integrated 

supply ventilation system with fan and outside air damper 

cycling to provide highly effective whole house dilution 

ventilation and thermal comfort mixing at affordable initial 

cost and operating cost. 

 In warm climates with significant cooling, high-

performance houses with controlled mechanical ventilation 

and without use of setback thermostat cost less to operate than 

standard houses without ventilation and with use of setback 

thermostat. Reduction of cooling energy use came mainly 

from low solar heat gain glass and from getting the air 

distribution system inside conditioned space. 
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