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Executive Summary

This report aims to provide EECA with an overview assessment of home ventilation systems with the objective of reviewing available information, identifying key knowledge gaps, and recommending actions to address issues.

In the last decade installation of home ventilation systems has grown substantially and it is estimated that up to 10% of NZ homes now have some form of mechanically powered ventilation system.  Two main types of ventilation system are used: (a) systems that pump air into the house under positive pressure, primarily drawing ventilation air from the roof cavity; and (b) systems that pump air in and out of the house at the same rate (balanced pressure) recovering some of the heat from the outgoing airstream through a heat exchanger.  These systems come with a range of variants including multiple outlet and inlet arrangements, supplementary heating elements, different levels of filtering sophistication, and different controller capabilities.  Positive pressure/roof cavity systems make up the largest number of installations and have been particularly popular with existing homeowners concerned with moisture and condensation problems in the home.  Some positive pressure system suppliers also make much of the potential ‘free heat’ available from the roof cavity with some claiming heating cost savings of up to 60% for households.  Other suppliers are much more circumspect about possible energy benefits.
A considerable body of user testimonials and anecdotal evidence exists on the benefits provided by home ventilation systems.  But there is a paucity of independent, empirical evidence to substantiate some of the claims made about system performance.  Consistent guidance on basic design parameters such as air flow rates, input sources, and numbers of outlet diffusers is lacking.  Regarding energy performance, recent research suggests that the energy benefits from roof cavity sourced ventilation systems will be highly variable around the country.  In colder areas, in the middle of winter, it is not clear whether there are in fact any net energy gains.  This all points to the need for better information and independent guidance being available so that consumers can have confidence that appropriate solutions are offered.  This is particularly so where actions to control moisture at source and improve heat retention and efficiency may be needed first.
In the UK and the US, much work has gone in by public bodies to define ventilation requirements for houses and to develop standards and best practice guidance for system selection and design.  A major driver has been the aspiration for sustainable housing and future zero carbon designs.
The core recommendation arising from this review is that the Department of Building and Housing and EECA should take the lead, working with the industry, to develop guidelines and recommendations on moisture control and the use of ventilation systems, appropriate for NZ conditions.  This work should be focused around the goals of achieving healthier homes and more energy efficient housing in NZ.  Two key outputs from this work are:

Ventilation and moisture control – guidance and recommendations on moisture source control, and ventilation requirements according to house type, climate etc., including clarity on air exchange rates, diffuser numbers, source of ventilation air, filtration etc.

Energy performance – ratings, guidance and recommendations on the energy performance of different ventilation systems and options, and the integration of this with household energy solutions overall.
1 Introduction
In the last decade installation of home ventilation systems has grown substantially and it is estimated that up to 10% of NZ homes now have some form of mechanically powered ventilation system
.  Suppliers’ promotional material strongly pushes the health aspects of fresh air and reduced moisture in homes, and also often cites energy saving benefits.  A perusal of suppliers’ websites indicates a strong body of anecdotal endorsement from householders who have had ventilation systems installed in their homes.  Yet despite the large numbers of systems now installed there is little in the way of formal guidance or design specifications to help consumers.  Consumer NZ undertook a review of systems in 2004 and 2006 which has provided some useful generalised information and recommendations
.  The SmarterHomes and Level websites also have some generalised information for consumers.  However there is a general lack of any ‘official’ guidance around technical specifications to guide consumers towards system design parameters that may best meet their needs and ensure a value for money system. 
This report aims to provide EECA with an overview assessment of home ventilation systems.  It covers:

· Background information on the need for ventilation in homes

· An overview on the types of home ventilation systems available

· A discussion of overseas trends, with a focus on the UK and US

· A particular focus on the performance of the two main types of systems marketed in NZ – systems that pump air into the house under positive pressure, primarily drawing ventilation air from the roof cavity; and systems that pump air in and out of the house at the same rate (balanced pressure), recovering some of the heat from the outgoing airstream through a heat recovery unit.  Available empirical information has been reviewed.  There is a particular emphasis on energy performance.
· Conclusions, including suggestions on the steps EECA could take to enhance the integration of ventilation and good energy outcomes.
The study has been undertaken as a desktop study with limited contact with the ventilation industry at this stage.  Information has been sought and provided by the following industry personnel:
Iain Hosie

HRV Ltd.
Peter Hutson

Black Diamond Technologies Ltd (Mitsubishi Electric).
Curtis Dobbie

Healthaire.
2 Overview of home ventilation
2.1 The need for ventilation to maintain indoor air quality
It has long been recognised that houses require a periodic refreshing of air in order to maintain air quality, reduce moisture, control moulds etc.  Minimum ventilation rates of one complete air change every 2-3 hours (i.e. 0.3-0.5 air changes per hour (ac/h)) have generally been accepted as international norms, with higher rates necessary where houses have open flame combustion appliances.

New Zealand Standard NZS 4303 (1990) “Ventilation for Acceptable Indoor Air Quality” specifies a minimum residential ventilation rate with outdoor air
 of approximately one complete air change every three hours, to be distributed throughout the home.  Until recently it was generally considered that the combination of naturally ‘draughty’ homes in a windy environment (e.g. air gaps around doors and windows, lightweight floor and wall construction, and airflow through unused chimneys etc.) and having a certain proportion of openable windows would provide for adequate ventilation.  Indeed it is still the case that the ventilation requirements of NZS 4303 are met in the vast majority of cases by the NZ Building Code ‘Acceptable Solution’ of having a net openable area of windows or other openings to the outside of no less than 5% of the floor area
. 
Work undertaken by Bassett (1992)
 provided some solid quantitative data on the natural air leakiness of New Zealand homes at that time.  Pressure testing on three eras of housing showed natural ventilation rates in the following ranges:

Pre 1960s: 

0.7-1.2 ac/h

1960 – 1980:

0.3-0.8 ac/h

Post 1980:

0.2-1.1 ac/h (with a cluster around 0.3-0.5ac/h)
These results indicated increasing air tightness with newer houses, with the tightest post-1980s houses sitting at levels below where natural air infiltration would be adequate for air quality and moisture control needs.  Bassett also compared these results with comparable overseas studies and found New Zealand houses to be “no less airtight than recent housing in a range of other countries”. 
Overseas, empirical research and modelling has shown that modern homes are likely to spend a significant proportion of time with ventilation rates less than 0.25ac/h if air exchange is just left to background leakage and passive vents.  In particular weather conditions (e.g. no or low wind, low thermal gradients) air change rates can drop to very low levels (Lubliner and Gordon, 2000
). 

Airtight construction in newer housing is mainly a result of using sheet material internal lining, accurately framed components, and sealed tightly framed windows.  But a number of these features are being retrofitted into older homes, with consequent reductions in air infiltration e.g. retrofit aluminium framed windows replacing older wooden framed windows
.  As well as structural factors, lifestyle and behavioural factors are reducing previous forms of ventilation in houses.  Windows are increasingly being kept closed for security reasons.  Less use of open fires is resulting in unused fireplaces being closed off or dismantled.  At the same time activities within the house are contributing to potentially lower indoor air quality (IAQ).  Water vapour has increased with the greater use of showers, unflued gas heaters and unvented clothes drying.  There are also concerns about chemicals in household cleaners, wall and floor coverings, fabrics etc. 
Research over the last decade on the chronic under-heating and relative coldness of New Zealand’s houses also raises related concerns about dampness and a lack of ventilation.  This relationship is well stated by the Asthma Regional Coordinating Council of New England: 
“Uncomfortable homes can make people take action that makes a home unhealthy.  A lack of comfort can lead to a lack of ventilation and over-humidification.  If people are cold they won’t ventilate their home.  If people can’t afford to heat their home they won’t ventilate their home”
.
The 2005 House Condition Survey (Clarke et al, 2005
) found that many homes were damp and poorly ventilated, and that extract ventilation in wet areas (bathrooms, kitchens) was lacking in a large number of houses. 
2.2 Energy implications
Air movement out of buildings is one of two routes by which heating energy is lost; the other being conductive and radiant heat losses through the building envelope.  The extent of energy loss attributable to air movement (both controlled and uncontrolled) depends on a number of factors including the inherent air leakiness of the building, whether it is in a sheltered or exposed location, and occupant behaviour.  Losses are typically considered to be in the range of 10-25% of heating energy use
.  As the thermal envelope of a building improves through higher levels of insulation, air infiltration and ventilation can assume a much higher proportion of a house’s heat loss (Figure 1).  Therefore, minimising uncontrolled ventilation, while achieving necessary levels of controlled ventilation with minimal energy use, is one of the challenges in trying to achieve healthier and more energy efficient homes.
[image: image1.emf]
Figure 1.  Proportion of heat loss attributable to fabric and ventilation losses (note this data is for semi-detached houses in the UK (Energy Saving Trust, 2006)
).
2.3 Integrating energy efficiency and ventilation – overseas trends
UK – in the UK the ‘whole house’ philosophy of integrating ventilation with energy efficiency has become a major focus.  Part F of the UK Building Regulations deals with ventilation
, and while this specifies ventilation requirements, it is the integration of these requirements within the concept of low energy homes that is driving new and innovative solutions.  The Energy Savings Trust (EST) has produced a very useful guide on energy efficient ventilation (Ref 12), and while it is focused on new homes, the philosophy of integration and the description of systems applies also to existing houses.  The EST also outlines three performance standards – Good Practice, Best Practice and Advanced.  The Advanced performance standard has application for ultra low energy/sustainable homes.  While this may apply to only a minority of homes being built at present, the UK Government has recently signalled that it is on track to require all new homes to be zero carbon from 2016
, so the Advanced ventilation performance standard will have increasing relevance as zero carbon new homes are mainstreamed.  Alongside this is the UK Code of Sustainable Homes
 which measures the sustainability of a new home against nine categories of sustainable design, rating the whole home as a complete package.  The Code uses a 1 to 6 star sustainability rating with minimum standards for energy and water use at each level.  Category 6 defines a zero carbon energy level, and at that level sophisticated ventilation systems with high energy efficiency are required (see S4.6 for some examples). 
US - the Building America programme, sponsored by the Department of Energy, is an industry-driven research program designed to accelerate the development and adoption of advanced building energy technologies in new and existing homes
.  One subset of the programme has been a large research effort around home ventilation systems, and in particular the types of ventilation systems that are appropriate across the wide range of climatic conditions encountered in the US
.  Whole-house ventilation is now a requirement in some state building codes
, and the recently revised ASHRAE Standard 62.2 has set out the ventilation requirements for new buildings across the varied climate zones of the US
. 
Another important institution in the US is the Home Ventilating Institute (HVI)
.  Originally set up in the 1950s as an industry body representing ventilation product suppliers it has since developed into a testing body with established Certified Rating Programs to provide fair and credible methods of comparing ventilation performance of similar products.  The test standards utilised for testing are, in most cases, developed by HVI using national and international consensus methods.  HVI Certification has been accepted and recognised as the method of performance assurance by many agencies including the Energy Star® Residential Ventilation Products Program, ASHRAE Standard 62.2, the U.S. Green Building Council LEED for Homes Program and the U.S. Department of Energy Building America Program. 

2.4 Terminology
A wide range of purpose-built devices are available for ventilating buildings.  Sometimes the distinction between them, and the inappropriate use of terminology, can be very confusing.  In order to inform the further discussion the various terms, as used in this report, are described below.  While internationally recognised terminology is adopted where available, some composite terms have been developed for the specific purpose of distinguishing different systems types available in New Zealand.
Passive ventilation – ventilation that relies on natural processes (e.g. thermal gradients and pressure differentials such as those created by the wind), and non mechanical means of air introduction/exit (e.g. air inlet vents, louvres with simple manual controls to allow air flow).  Air flows can be highly variable, ranging from too much to too little, because of the reliance on ambient climatic conditions in conjunction with internal house conditions.
Active ventilation - relies on mechanical devices (such as power fans) to provide air flow and distribution.
Negative Pressure ventilation systems – sometimes also called exhaust system ventilation, these use a large extractor fan to shift air from inside the house to outside.  The fan thus creates negative pressure conditions inside the house, which causes outside air to move in through the path of least resistance e.g. through any openings, cracks around doors and windows, etc.

Positive Pressure ventilation systems – sometimes also called supply ventilation systems, or positive input ventilation, these use a fan (or fans) to push air into the house from the outside.  This creates a positive pressure inside the house which causes inside air to move out through the least resistant pathway to the outside i.e. the reverse of the above.
Balanced Pressure ventilation systems - use two fans, one to bring in outside air (positive pressure) and the other to extract air under negative pressure.  As long as both fans are operating with similar airflows the system should be relatively in balance.  While most balanced systems used in New Zealand operate in a single unit with an associated heat exchanger, separate input and extractor fans (not associated with a heat exchanger) can be used.

External Heat Transfer ventilation systems – use ducts and a positive pressure ventilation fan to shift air from a heat source (or, a source of cooler air) outside of the building thermal envelope
 to the inside of the house.  The most commonly used source of external heat is ‘free’ solar energy collected in the roof cavity.  A major point of confusion re terminology is that some companies selling these kinds of systems market them as ‘heat recovery systems’ (see distinction below). 

Internal Heat Transfer systems – use ducts and a fan to shift air from one part of the house where there is excess heat generation to other parts of the house that are colder and less heated.  Because these systems recycle internal air they can not (as a general rule) be considered as ventilation systems.

Heat Recovery ventilation systems – the accepted use of this term in engineering circles is in reference to systems that use a heat exchanger between the inbound and outbound air flow, thus recovering a proportion of the inside heat that would otherwise be removed with outbound air.  As noted above some companies misuse this term by referring to external heat transfer ventilation systems as heat recovery systems.
Energy Recovery ventilation systems – these systems recover a proportion of the enthalpy (total energy) of the energy exchange process – both the sensible heat (as captured by a conventional heat exchanger as above) and the latent heat (energy contained in water vapour in the air stream).
Fresh Air ventilation systems – these source their air directly from outside, not the roof cavity.
Auxiliary heating units – these are optional electrical resistive heating elements available to be fitted to most positive pressure ventilation systems to pre-condition incoming air if it is too cold. 
Spot extract ventilation – refers to the use of localised extractor fans, vented to the outside
, to remove moist or polluted air from particular areas of the house.  The most common form of spot ventilation is the use of extractor fans in bathrooms to remove steam, and extractor fans/rangehoods in kitchens remove steam and cooking odours.
Stack ventilation – is a form of passive ventilation that relies on air temperature differences to induce air movement through a vertical tube, or ‘stack’.  Warm air will rise and exit the stack at the same time drawing in cooler air to displace it.
Appendix 2 provides a broader summary of ventilation systems commonly in use. 
2.5 New Zealand situation

The discussion in the report from here on is focused on the two main types of ‘whole house’, mechanical ventilation systems marketed in NZ:

· Positive pressure/ roof cavity heat transfer ventilation systems (PP-RCHT) – these are the most common systems marketed.  They are available in a very large range of configurations of ducting, fans, supplemental heating elements, and controllers.  They are discussed in more detail in Section 3.
· Balanced pressure/ heat recovery ventilation systems (BP-HRV) – these systems are less common and are considerably more expensive than positive pressure/heat transfer/positive pressure systems.  They are also available in a wide range of variants.  They are discussed in more detail in Section 4.
While these systems are ostensibly ‘whole house’ ventilation systems, as will be discussed further it is unclear whether many of the systems that are installed in homes are capable of properly ventilating the whole house on a year-round basis. 
Numbers of systems installed - information on the numbers of ventilation systems installed in New Zealand homes is patchy.  The most reliable source is considered to be the 2005 House Condition Survey (Ref 10), although this survey only covers owner occupier homes, not rented houses.  The survey reported 6% of homes in 2005 having a ventilation system, compared with 1% in the previous survey in 1999.  Making an adjustment to account for lower installation rates in rental homes
 suggests the following:
1999: 



~11,000 homes
2005: 



~70,000 homes
For 2008/09 a broad estimate of up to 150,000 homes, nearly 10% of total dwellings, has been made.  This is somewhat speculative based on projecting possible patterns of growth since 2005, and it is unclear what has happened to the rate of installations over the last year or so in the face of the housing downturn.  DVS Ltd state on their website that they alone have made over 50,000 installations in NZ homes. 
A listing of system brands and suppliers is in Appendix 1.

3 Performance of positive pressure, roof cavity heat transfer ventilation systems
3.1 Basic principles

Positive pressure, roof cavity heat transfer ventilation (PP-RCHT) generically describes this ‘family’ of ventilation systems.  PP-RCHT systems are by far the most popular form of mechanical ventilation system sold in New Zealand.  In practice there are also a large range of variants to the basic system which can also have a significant effect on performance.  DIY kits are also available.
These systems were first developed overseas in the 1970s as a means of dealing with condensation without affecting the operation of open-flued combustion appliances (from Stephen, 1998
).  The use of ceiling sourced air was regarded as a means of achieving some degree of pre-warming and pre-drying of the air prior to entering the house.  For various reasons these systems found a conducive market in New Zealand in the 1990s and since then a number of suppliers, with differing system configurations, have been active in the marketplace.
The key principle behind PP-RCHT systems is of ventilation by dilution and displacement.  Filtered air is sourced from the roof cavity and introduced by an electric fan through a single, or multiple, ceiling vents.  This slightly raises the pressure within the house.  Under positive pressure the air finds multiple routes of least resistance to migrate to the outside – generally gaps under doors and around windows, or through wall protrusions (or, undesirably, through unsealed downlights in the ceiling which then transfers inside air back into the roof cavity).  Sometimes passive vents are used as the main air discharge point.
The temperature of roof cavity air is of course constantly changing – throughout the day and night, from day to day, and from summer to winter.  Some of the most common operating conditions for PP-RCHT systems are explored below (Figure 2 (A-D)). 
Daytime heat collection and transfer – The conditions for heat collection and transfer require sufficient solar radiation (direct and/or indirect) to heat the roof cavity to a high enough level to allow for heat transfer into the (colder) house (Figure 2A – see over).  Typically in the heating season and with favourable weather this condition might be reached by late morning or early afternoon.  
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During the shoulder season the roof cavity will warm earlier and hence heat transfer could occur earlier.  The amount of heat available will depend on a range of factors including the heat absorption of the roof surface, the storage efficiency of the roof cavity including the rate of cooling, air tightness, ambient weather conditions etc.  Generally by late afternoon/early evening the temperature in [image: image15.emf]the roof cavity has fallen away quickly to be less than the internal house temperature.
[image: image16.emf]Cold air transfer – typically by early-mid evening roof cavity temperatures have dropped below indoor temperatures so the fan is now pushing through cool or cold air (Figure 2B).  Under common winter weather conditions (e.g. high longwave back-radiation to the night sky, or a high wind chill factor) the roof cavity will drop below ambient temperatures.  During typical winter nights in large parts of the country temperatures wouId likely be in the range of 0-10°C for 12 hours or more.  In the coldest areas temperatures in the range of sub-zero-5°C would be likely, while 5-15°C might better define warmer areas.
Excess heat – over the summer period (and the shoulder seasons for more northern climates) the problem for a lot of houses is overheating, and any transfer of heat from the roof cavity will exacerbate this problem (Figure 2C).  Most PP-RCHT systems offer a fresh air supply option (the roof cavity intake is bypassed), and this would be needed if effective ventilation was to continue without further overheating the house (yellow arrow in Fig 2C).  At night the roof cavity should have cooled to allow some effective night cooling of the house if required (as per Fig 2B).
Days with no heat gain (daytime) – these will typically be days of low ambient temperatures and radiation, and/or where the cooling effect of wind and rain on the roof surface result in rapid heat removal (Figure 2D).  Under these conditions the ventilation system would likely be delivering air at a temperature between ambient (or slightly below) and somewhere near indoor house temperature.

These examples indicate the large variability in heating performance that is likely from operating PP-RCHT systems in various parts of the country, and with different house-roof characteristics.  Performance in Otago-Southland over the winter period will be significantly different from performance in Auckland/Northland for example.  Dark roof surfaces will absorb more heat than lighter, reflective surfaces – a positive characteristic in winters but likely to be negative in summers.  The effect of roof shading also needs to be considered.  Shading is very location specific and can be caused by trees, other buildings and local topography.  Houses are particularly susceptible to shading over the winter when sun angles are low.  A further consideration is how well the heat generated through the day is able to meet heating demand in the evening, which is the peak demand period for most households.  Some houses will be better able than others to do this.  Houses that are poorly insulated and/or have little thermal mass may be unable to store and retain the heat that is transferred from the roof space; conversely those with good insulation and thermal mass will likely be able to effectively utilise a good proportion of this heat. 
Some system suppliers are quite open about the limited heating performance of systems in colder climates e.g.:  “In colder regions of New Zealand it may be necessary to use a little more home heating, or change the times of day the home is heated during colder weather, in order to balance the flow of cooler, drier air required to adequately control condensation and dampness”.
  
On the other hand others proclaim “SAVE ON YOUR HEATING COSTS! UP TO 60%”, without any apparent qualification
.

Managing the variation – in order to manage the variations in input conditions suppliers are increasingly providing a range of optional extras:
· In-line electric resistance heating elements to pre-condition cold input air

· Fresh air bypass – bypasses the roof cavity intake to avoid taking hot air into an already warm house
· Sophisticated controllers with timers, fan speed controls, thermostats and valve drives to enable householders achieve better overall system performance.

· Purge valve and extract fan for the roof cavity – at least one company (HRV) is introducing this to reduce roof cavity temperatures in hot conditions.
The following sections discuss available empirical information on performance, and raises issues related to the configuration of systems being installed or recommended by suppliers.
3.2 Moisture control, air flows and ventilation
Humidity control – the original study undertaken by Stephen (Ref 24) in the UK in the late 1990s monitored a single unoccupied test house, as well as a set of 16 field-monitored (occupied) houses.  In the test houses positive pressure ventilation was found to be effective in reducing relative humidity levels by around 10%RH.  There was also a reduction in absolute humidity excess over the outside of about 0.2kPa.  In the field-monitored houses input ventilation did not consistently reduce relative humidity - it was found to be effective in the most humid houses but did little in the dryer houses.  In the cases where it was effective there were often inconsistencies between rooms in the same house.  However, Stephen noted that the occupants were more enthusiastic about the effectiveness of input ventilation than the results would suggest.  Those who previously had the highest humidity in their houses were the most impressed.  Some occupants also claimed relief from severe respiratory illness (although these claims were not able to be substantiated by the Stephen study).

In a study carried out in 2000 and 2001 by Massey University
 before and after measurements were made in fourteen houses in the Manawatu/Wanganui area fitted with a positive pressure ventilation system.  Humidity, moisture and other internal air quality (IAQ) factors were measured.  The study found that absolute humidity levels were mainly driven by external climatic factors, but once these were accounted for on average there was a drop in RH recorded.  Most of the drop occurred in a few houses and a number of houses showed little difference.  A complicating factor in the study was the strong use of unflued gas heaters in the households studied.  Unflued gas heaters generate large quantities of water vapour and it is possible that indoor moisture levels were more strongly dependent on patterns of home heating at the time of the measurements.  Nevertheless, the study found that without exception, all participants felt that condensation within their houses was either significantly reduced or had disappeared entirely after the installation of the ventilation system.  There was also a strong reduction in self reported health symptoms – a similar finding to the UK study.

Two further studies are underway which may yield further useful information on humidity and moisture levels.  Intensive monitoring of two houses in Dunedin was carried out in the summer of 2007/08 and in winter 2008.  Preliminary temperature findings for the summer have been published but humidity findings, and winter temperatures recordings, will be published later
.  HRV Ltd have commissioned Massey University to carry out monitoring of up to 30 houses in west Auckland, prior to, and after, having a positive pressure ventilation system fitted.  Some preliminary findings may be available shortly, but full winter monitoring will occur in 2009 so full results are not expected until 2010
.

A number of individual householder case studies have been written up or reported on by specific suppliers.  These have generally been in situations where a supplier’s system has been used to address excessive and extreme moisture problems
.  While these case studies tend to lack a properly based scientific assessment they nevertheless are consistent with the findings above (Refs 24 and 27) where positive pressure systems appear to have been effective in reducing moisture in some of the more problematic houses. 
Is the roof space a good source of ventilation air?  Various concerns have been raised about the quality of air being sourced from a roof cavity e.g. claims that roof-spaces are often contaminated by biological odours, bacteria, gases, insects, animals and birds (e.g. From Cleanaire Website).  Questions have also been asked about the role various roofing materials such as concrete tiles might have on humidity levels.

These questions can perhaps be informed by considering typical throughputs of air from a ceiling cavity.  For example a 140m2 house with a 20-25 degree pitched roof might typically contain about 100-140m3 of volume in the roof cavity.  This compares with an internal house volume of typically 340-380m3.  If the ventilation system was providing for one air change per 3 hours, within a 24 hour period the roof cavity might experience some 20-30 air changes
.  Under this kind of continuous throughput it seems unlikely that a build-up in humidity would occur unless there were specific reasons (see below).  If the system was operating under irregular ‘start-stop’ conditions there is the possibility that the initial quantum of air could contain higher levels of humidity and contaminants.  Suppliers of PP-RCHT systems address the possible contamination issue by filtering the air.  Hence the quality of the air entering the house will be highly dependent on specifying an appropriate filter type and maintaining the integrity of the filter.  Some suppliers wish to see suitable filtration standards developed and adopted across the industry
. 

In the UK trial Stephen found the roof space was consistently more humid than outside (excess vapour pressure of about 0.1kPa).  This was a somewhat counter-intuitive finding since it was generally assumed that air from the roof cavity would be no more humid than ambient, and at a lower RH if it was at a higher temperature.  Further investigations revealed that moisture was being transmitted to the roof space from the rooms below, and was happening regardless of whether the input fan was operating or not.  The recycling of air from the rooms below also had the effect of reducing the actual ventilation rate to about half of the 0.7ac/h which the fan air flow rate would suggest.  Leakage paths included unsealed light fittings, poorly sealed loft trapdoors, and exhaust vents exiting into the ceiling space rather than to the outside.  These leakage paths would be very common in NZ homes e.g. it was discussed earlier that 15% of houses in the 2005 House Condition Survey had bathroom extract fans venting into the roof cavity (Ref 10).  This shows the absolute importance of avoiding the transfer of moist air from the house to the roof cavity in order to prevent that moist air from being recycled back into the house.
Does air in the roof cavity constitute “outdoor air”? – Questions have been asked whether systems using roof-space sourced air meet the requirements of NZS 4303 and the NZ Building Code for using ‘outdoor air’.  The Department of Building and Housing recently clarified as follows:
“…domestic ventilation systems draw air from the roof space, they are not directly drawing air from outside.  Hence, they cannot be used to comply with the Building Code ventilation provisions.” (DBH, 2008)

However, the DBH note that PP-RCHT systems are typically installed in houses that are already code compliant through meeting the minimum requirement for window openings.
Of course “outdoor air” will not necessarily be free of contaminants either, and this is an issue affecting all forms of ventilation.
Rates of air change? – It is not clear from the trials what rates of airflow/air exchange are being used, and whether there are different outcomes being achieved from different rates.  Perusing suppliers’ websites also suggests there is little consistency in the air flow rates being recommended to householders.  The Cleanaire website (Design Guide page) provides an objective view through basing its calculation around NZS 4303 (minimum of 1 air change per 3 hours (0.33 ac/h)) and the British Standard of 0.5ac/h
.  Elsewhere, some suppliers are recommending air-change rates of 0.8-1.0ac/h or higher.  A key issue is whether some houses might, as a result, be over-ventilating, leading to excessive heat loss.
An associated issue is whether the fan flow-rates and air change rates cited in suppliers’ literature are being achieved in practice.  Actual flow-rates are highly sensitive to the pressure the fan is pumping against.  Additional pressure, caused by long duct lengths or duct bends, additional diffuser outlet points etc., can result in a significant reduction in flow-rate. 

Distribution of ventilation air – There is also a lack of clarity around air distribution recommendations.  Some suppliers insist that only one or two centrally located input diffusers are required (NuAire and Moisturemaster).  Many others provide multiple outlets – typically 4 or more per home depending on size and the number of rooms.  A ‘1st-principles’ assessment suggests that multiple outlets will provide a more even distribution of ventilation air, and will be more accommodating to variable user behaviour such as leaving doors open or shut. 
Entraining moisture? - One of the recognised issues with positive pressure systems is the possibility that moist air will be driven into the building envelope through penetrations in the wall linings, such as plug sockets and switches.  As the air cools to the outside temperature some moisture will condense, potentially affecting the insulation, and encouraging mould growth and rot on the framing timber.  However a programme of investigation carried out under the Building America programme has determined that this risk is likely only in the coldest of US climates.  Consequently positive pressure systems have been forbidden by the US code in very cold climates unless suitable moisture barriers are installed
.  These climate zones are much more extreme than found in NZ, except perhaps for one or two specific areas such as Central Otago and the McKenzie Basin.  Overall within NZ’s more mild climate conditions the risk entailed by PP-RCHT systems is probably low, and this risk could be further minimised by providing low pressure pathways for air to exit such as passive vents.  However New Zealand has a damp climate overall and further work is required to define the particular circumstances where risks could exist (e.g. the combination of climate, wall airtightness and vapour tightness etc.)
. 
Moisture control hierarchy - Positive pressure systems are not necessarily an adequate mitigation measure for high moisture producing activities or moisture ingress to the home.  Therefore practical steps to minimise internal moisture production and extract moisture at source should always be taken first.  This includes installing vapour barrier ground covers under homes, eliminating unflued gas heaters, and use of extract fans in high moisture zones such as bathrooms and kitchens.  
3.3 Energy implications
Heat available from the roof cavity – the early study in the UK by Stephen (ref 24) found that the roof space provided an overall temperature gain of about 3°C compared with outside air over a period of several months in the winter.  Energy performance overall was difficult to establish but it was concluded that the relative saving in an average modern family house was a maximum of about 150 Watts continuous (equivalent to about 550kWh over a heating season, or 10% of annual space heating cost) (note that this assumes that the problem they encountered with recirculation of room air via the roof space will be minimised).  The saving was relative to a conventional extract system providing the same level of ventilation air exchange.  Once account was taken of fan motor use they concluded there was little overall net energy saving. 

As was illustrated through the conceptual examples in Figure 2 the amount of potential heat gain from the roof cavity is highly dependent on key factors including local climate (ambient temperatures, solar radiation), roof and cavity characteristics (surface covering, reflectivity, heat retention etc).  Early results from the Dunedin study mentioned on p13 illustrate this variability (Figure 3 (A and B)).  In a hot day in January temperatures in the upper roof cavity (where a number of PP-RCHT system suppliers install the input duct) reached over 50°C.  Two weeks later, on a cold day the authors likened to a typical winter’s day, radiation levels were very low and ambient temperatures dropped.  Throughout the day heat losses from the roof cavity exceeded heat gains, and the temperature in the roof space declined, dropping sharply in the evening.

Figures 3A&B. Roof cavity and indoors temperatures for Dunedin house – hot sunny day and cold day (January 2008). (Source: Smith et al – Ref 28).
Even in January these results show the strong day-to-day variation in heat availability, with the authors concluding that “on days that exhibited winter-like characteristics (heavy cloud cover, and/or rainfall), the temperature inside the roof space did not reach temperatures above ambient.”  However, a low radiation, cold summer day does not really replicate a winter day, especially in colder climates.  The key difference will be the much lower ambient temperature conditions, lower daylight hours and thermal inertia effects which will most likely keep roofing material and the roof cavity at much lower temperatures overall.  Results from the winter 2008 monitoring will be awaited with interest.
Some useful roof cavity monitoring has recently been carried out and reported in Melbourne, Australia
.  Figure 4 shows 22 days of continuous monitoring through July and August 2007, plotting temperatures in the roof cavity and ambient air
.  It should be noted that compared with many areas in New Zealand in July ambient temperatures in Melbourne were relatively mild – a daily minimum less than 10°C on only 50% of days, with ambient averaging 12.5°C. 
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Figure 4. Roof cavity and ambient temperatures for Melbourne house – 22 days in July-August 2007 (Source Ref 33).
The plots in Fig 4 are noteworthy for two things:

· The roof cavity exceeded 15°C on 21 out of 22 days, exceeded 20°C on 17 out 22 days, and exceeded 25°C on 6 out of 22 days.  The author reported that some heat was not extracted by the ventilation unit on only 3 days, and on a number of days the heat recovered was sufficient to lift indoor temperatures significantly into the evening period.
· On 75% of nights the minimum roof cavity temperature dropped below that of the minimum ambient.  This is not surprising and is consistent with 1st principles based on longwave radiation losses back into the night sky, and wind convection/rain conduction losses.
Hopefully the further empirical studies from NZ sites will help inform this picture and lead to a greater understanding of the potential heat gain/loss of roof cavity ‘collectors’.  However, one very interesting implication of the Melbourne study relates to the lower-than-ambient temperatures recorded at night.  If a similar finding was confirmed here it would suggest that the ‘energy balance’ of many systems might be improved if air was drawn directly from outside rather than the roof cavity for the periods of time the cavity is cooler.  This would seem highly feasible on systems fitted with a fresh air inlet, but the issue is likely to be around the controller capability and thermostats required.  Most control systems do not use ambient temperatures as an input, so a greater level of controller complexity might be required.
Note also that some commercially available systems may not be pre-set to take full advantage of heat from the roof cavity.  The NuAire Drimaster instructional material
 states the system turns off when the roof cavity reaches 24°C in order to avoid overheating.  These instructions appear to have be taken straight from the UK where it is assumed that homes are heated to a minimum of 18°C and that sourcing air at greater than 24°C would lead to overheating.  For most NZ houses in winter this condition is unlikely to apply.
Summer performance – a number of PP-RCHT system suppliers recommend turning the system off over summer because pumping hot air from the heated roof-space will lead to overheating of the house.  Given the heat production available from roof cavities (as per Figs 3 and 4) this is a sensible recommendation.  Pumping hotter air from a roof cavity into an already warm house may also increase the use of air conditioning.  However it somewhat defeats the purpose of a home ventilation system if it has to be turned off for extended periods – notwithstanding that the need for ventilation is generally lessened in the summer because of a tendency for greater use of natural ventilation through open doors and windows, and lower production of steam and inside pollutants. 
Many NZ houses are prone to summer overheating regardless of the presence of a ventilation system.  But if PP-RCHT systems are to be used in summer and gross overheating avoided a number of actions will be required:

· Good ceiling insulation (and roof shading or light coloured roof surfaces if possible) to reduce heat ingress into the house from the roof cavity

· Installation of a fresh air intake with associated roof cavity intake bypass valve.  Most PP-RCHT system suppliers now provide a fresh air input supply (and bypass for the roof cavity inlet) either as a standard fitment or an optional extra.  This is a highly desirable feature since it allows summer ventilation to occur with air at ambient temperature – notwithstanding that daytime mid-summer ambient air will often be too warm to be pumped into the house as well.  The fresh air intake duct should be insulated to minimise heat gain from the roof cavity.
· Good ventilation management during the night to make maximum use of cooler night air to accelerate the cool-down of the house.  Some suppliers recommend using the PP-RCHT system in this way (and they have set up the controllers to turn on automatically when threshold temperatures are reached). 
· A controller with sufficient temperature sensors and control capability to allow for flexible operation and ability to select the optimum air intake supply source. 
Energy for fan operation – this depends on air flow rate, pressure and resistance in ducts, efficiency of fan and motor, fan speed and operating time.  Most fans/motors used in PP-RCHT systems typically draw power in the range 20-100W with suppliers citing running costs typically stated as “8 cents per day” or “no more than an average light bulb to run” etc.  These costs typically work out to be around $2.50-$10/month, which with electricity prices of about 20c/kWh equates to some 12-50kWh/month.  In fact it is quite difficult to determine how much electricity PP-RCHT systems will use because of the many different assumptions used about fan flow rates, operating hours, pressure and resistance in ducts, pressure within the house, efficiency of fan and motor etc.
AirCare Ltd (suppliers of the Homevent system) is one of the few suppliers to provide a transparent calculation on their website.  They cite a maximum fan load of 85 Watts, with a typical load factor of about two-thirds (i.e. 57W).  Energy use is thus 1.36kWh/day, or ~41kWh/month ($8/month).  This is at the higher end of costs cited by suppliers.

One of the characteristics of small electric motors (of the size used in PP-RCHT systems) is that they operate at quite low efficiencies.  Some suppliers offer EC (electronically commutated) fan motors with integrated controls which are significantly more energy efficient than the permanent split capacitor motors used in most applications.  The improved efficiency is most noticeable for continuous fan operation at lower air flow rates, where savings in electricity use up to 75% have been cited
.  Fans with variable speed capability also offer the potential for improved energy efficiency.  Flowrate is proportional to shaft speed and power is proportional to the cube of shaft speed.  Hence lower speed fan operation can reduce energy use substantially, although whether this is achieved in practice depends on the characteristics of the fan, in particular the efficiency of the fan at the various operating points, and losses in duct work etc.
Energy to operate resistive heating units – most systems come with the option to install in-line electrical resistive heating units close to the fan unit to provide a degree of pre-heating of the air at times when roof temperatures are cold
.  Most suppliers have heating units in the range 0.75kW to 2.5kW, although QualityAir state they can provide heating options up to 6kW.
There is no clear indication of the proportion of PP-RCHT systems installed that have associated heating units, their heating capacity, or the extent to which the heaters are used.  The Homevent website provides an indicative example, citing running a 1kW heating unit for 100 days over winter for 10hours/day for an annual cost of $206
.  Homevent is Manawatu based, so this estimate may be too high for Auckland/Northland, but too low for South Island areas. 

Heating via resistive inline duct heaters carries some efficiency loss compared with direct in-room heating because of heat losses from ducts.  Duct heat losses depend on the temperature differential between the heated airstream and the air in the roof cavity, thermal resistance (R-value) of the duct and the length of ducting.  In normal circumstances it is estimated duct losses would be about 5-10%, but clearly could be higher if there were long duct lengths, insulation was insufficient, and there were air leaks from duct joins.  Airtight ducting is an absolute priority if duct heat losses are to be minimised.  In-line duct heaters also carry a penalty in terms of running cost, efficiency and carbon emissions if they end up substituting for more efficient and sustainable heating used in the house (e.g. heat pump, wood pellet).
3.4 Summary of key points
· Most of the mechanical ventilations systems installed in NZ houses in the last decade fall into the category of PP-RCHT systems.  There is a strong body of qualitative feedback from customers supporting the effectiveness of these systems in dealing with moisture and health-related issues in the home.
· In order for PP-RCHT systems to operate effectively as whole-house ventilators there should be a good distribution of air flow through the house.  Excessive leakiness, caused by ‘short circuit’ air pathways to the outside should be sealed.  Most importantly the roof cavity must be sealed from the inside of the house to prevent moist or polluted inside air migrating into the roof space and then being pumped back into the house.  Wall cavities that provide an air pathway between the sub-floor and the roof space must also be sealed.
· Roofs provide a potentially large heat collection surface but in practice heat collection and recovery is highly variable.  The differences in seasonal climate around the country are a major factor.  So too are day-to-day weather variations (e.g. temperature, wind chill, rain) and diurnal temperature variations.  Other factors are specific to the house and location such as roof surface and shading. 
· Despite unqualified claims from some suppliers that heating costs can be cut by up to 60% it is not at all clear that in colder parts of the country, especially, in the middle of winter, there are net energy gains from roof cavity systems.  At night roof surfaces can sometimes act as energy dissipaters to the extent that air in the roof cavity will be colder than ambient.  In the summer, roof cavities quickly become excessively hot, and PP-RCHT systems without a summer bypass will have to be turned off for extended periods in order to avoid overheating the house.
· In order to address some of the shortcomings resulting from the configuration of basic PP-RCHT systems a number of enhancements are offered by most suppliers – in-line heaters to pre-heat cold winter air, a fresh air supply/roof cavity bypass to avoid using overheated air, and more sophisticated controllers linked to thermostats to enable more flexible control of the ventilation system. 
· Issues have been highlighted about differing specifications and recommendations from suppliers, especially different flow rate recommendations, and different numbers of input diffusers recommended.  There is a general lack of minimum standards and ‘consensus’ recommendations coming from the industry. 
· Very little empirical information was found to indicate the conditions under which PP-RCHT systems work well, work satisfactorily, or work poorly, within the NZ environment.  Neither is it clear what physical configuration of systems and components is desirable in order to achieve optimum results.  Some research is currently being carried out and this may help answer some of these questions, although full results are not expected until 2010.
· In the UK for new houses the EST regard PP-RCHT systems as providing good practice but not best or advanced practice (Appendix 2).
4 Performance of balanced pressure, heat recovery ventilation systems
4.1 Principles and description of systems
Balanced pressure, heat recovery ventilation systems (BP-HRV) are far less common than the positive pressure systems.  This is mainly because: 
(a) they have been significantly more expensive - typically $5-7,000 installed, with installation costs sometimes being considerable because of the work required to fit some quite large items into the roof cavity, and; 
(b) to date in NZ there has not been a strong emphasis on truly low or zero energy homes (e.g. of the type meeting the UK’s Code for Sustainable Homes 5 or 6 star level) – a situation where BP-HRV systems are ideally suited.

The key principle behind BP-HRV systems is that of balanced ‘air displacement’ combined with heat recovery.  Balanced air displacement is achieved by a fan bringing outside air into the house at specific input points while an exhaust fan is discharging an equal volume of air from inside the house from discharge points that are separated from the inflow.  The air streams intersect in an integrated heat exchange unit, usually located in the roof cavity (Figure 5).
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Figure 5. Schematic of BP-HRV systems.
Variants on the basic system – As with PP-RCHT systems there are variants to the basic system which offer some useful benefits over standard systems for both summer and winter performance.  
· The SmartVent Synergy and CleanAire products (see Appendix 1 for contact details) both have provision for utilising roof cavity heat when available.  For some periods of time when heating is needed this would provide input air to the heat exchanger at a higher temperature than either external air or air at room temperature (as per Fig 5).  However the respective configuration of this arrangement from the two products is quite different:
· The Smartvent Synergy system draws roof cavity air into the fresh air intake side of the heat exchanger (based on product information this appears to be the standard arrangement for this system).  This means the air source into the house is from the roof cavity, not external to the house.  During the summer when ceiling cavity temperatures are very high this feature can be disabled.

· The CleanAire system draws roof cavity air into the return (waste) air stream intake of the heat exchanger to either partly or fully replace the return air from the house (i.e. there is a switching damper between the two airstreams).  This means outside air is always being used as ventilation air.  The further implication of this setup is that as the return air stream from the house is progressively reduced the ventilation system ceases to be balanced in pressure and instead becomes positive pressure.
· Both systems enable some of the ceiling heat to be utilised – albeit with some efficiency penalty by putting it through the heat exchanger.  It is not clear that one arrangement is superior to the other - there are pluses and minuses for both. 
· The same qualifications about the variability of ceiling cavity air temperatures as discussed for PP-RCHT systems, applies to these systems.
· Lossnay and Smartvent Synergy also provide a ‘summer bypass’ which operates a damper to allow the warm exhaust air from the house to by-pass the heat exchanger and not warm the incoming cooler air from outside. 
The Smartvent Synergy also comes with the option of adding a 1kW in-line resistive heating element to further boost input air temperatures.
Energy Recovery Ventilation (ERV) – the heat exchanger used in a basic HRV system recovers sensible heat.  An Energy Recovery Ventilator also recovers energy in the form of latent heat i.e. there is a transfer of energy in the form of water vapour.  The heat exchange unit used in the Lossnay is an ERV.  This is discussed further in following sections. 
4.2 Measuring heat exchange/energy exchange performance
The Home Ventilating Institute test procedures measure HRV/ERV efficiency in several different ways
:
· Apparent Sensible Effectiveness (ASEF): this is the measured temperature rise of the supply air stream divided by the difference between the supply temperature and exhaust temperature and multiplied by the ratio of mass flow rate of the supply divided by the minimum of the mass flow rate of the supply or exhaust streams  i.e:

ASEF =
(T supply from outside – T supply to room)  x mass flowrate ratio



(T supply from outside – T exhaust)
The HVI note that this value is useful principally to predict final delivered air temperature at a given flow rate.  Sometimes the mass flowrate ratio is ignored in information provided by suppliers (i.e. efficiency is calculated just on the basis of temperature differentials), which is acceptable so long as the mass flowrate ratio is very close to unity.

Note that this measure does not factor in the energy used by the input or exhaust fans.
The HVI standard test is carried out at 0°C input air temperature, and under these conditions most HRVs and ERVs have ASEFs in the range 55-70% (Ref 44).
· Sensible Recovery Efficiency (SRE): this is the sensible energy recovered minus the supply fan energy and preheat coil energy, divided by the sensible energy exhausted plus the exhaust fan energy.  This calculation corrects for the effects of cross-leakage, purchased energy for fan and controls, as well as defrost systems.  This value is used principally to predict and compare energy performance.  Under HVI standard test conditions the SRE of most HRVs and ERVs was in the range 65-80% (Ref 44).
· Total Recovery Efficiency (TRE): this is the total energy (enthalpy) recovered minus the supply fan energy and the preheat coil energy, divided by the total energy (enthalpy) exhausted plus the exhaust fan energy.  This calculation corrects for the effects of cross-leakage and external purchased energy for fans and controls.  It is used principally to predict and compare energy performance of ERVs and is not particularly relevant for HRVs.  Under HVI standard test conditions the TRE of most ERVs was in the range 40-60%% (Ref 44).
· Latent Recovery/Moisture Transfer (LRMT): Moisture recovered divided by moisture exhausted and corrected for the effects of cross-leakage.  LRMT = 0 indicates that moisture was not transferred (net of cross-leakage) from the exhaust to the supply air. LRMT = 1 would indicate complete transfer of moisture.  Under HVI standard test conditions the LRMT of most ERVs was in the range 0.3-0.6 (Ref 44).
4.3 Heat exchanger/energy exchanger principles
Conventional heat exchanger - the heat exchangers used in most systems are limited to transferring only sensible heat (i.e. exchanging heat through temperature).  Up until now BP-HRV systems available in NZ have utilised cross-flow heat exchangers.  These are compact and relatively cheap but tend to operate at moderate efficiencies typically around 55-75% efficiency (based on ASEF performance).  They are generally constructed with thin pleated sheets, usually metal, separating the two air flows.  Sensible heat is transferred from the surface of heat sheets to the cooler air stream.  If the warmer air stream has a high humidity as it enters the heat exchanger (and there is sufficient temperature differential to achieve dew point) some of its moisture will condense in the heat exchanger on the cooler surfaces.  Some of the latent heat released will be realised as sensible heat gain on the heat exchanger surface and will be transferred to the cooler air flow.  Thus the overall efficiency of the heat exchanger will depend on the properties of the two air streams, in particular differences in temperature and vapour pressure.

Higher performance heat exchangers use a counter-flow action which improves the efficiency of heat transfer between the two air streams.  Counter-flow heat exchangers are being used in high performance systems overseas; one system has recently been certified at 88% efficiency in a house recently achieving the UK’s Level 6 rating for Sustainable Homes
.  In NZ a counterflow heat exchanger is available in the ventilation system supplied by Intelivent and efficiencies up to 90%
 are claimed (see Appendix 1 for contact details).
In the summer during daytime the outside air will often be warmer that the inside air.  The heat exchanger will thus provide some degree of pre-cooling of the incoming air.

Figure 6. Schematic of cross flow and counterflow heat exchangers (from RightHouse and Intelivent websites).

Energy Recovery systems – as mentioned earlier the heat exchanger in the Lossnay system is an energy recovery unit which allows some transfer of latent energy in the form of water vapour.  As well as containing partitioning heat exchange plates ERVs also incorporate a membrane that is permeable to water but not to other gases such as CO2.  In the Lossnay the membrane is a treated paper.  This allows vapour exchange between the incoming and outgoing air streams.  The efficiency of energy recovery units can be measured in a number of ways as indicated above.

Dobbs et al (2005)
 note that the latent heat efficiency of paper membranes in ERVs is quite low so it is most likely that the performance of domestic ERVs will be based on the sensible heat exchange efficiency, with the moisture exchange ability being an unquantified added benefit.
4.4 Air flows and ventilation effects
While the theory of balanced pressure ventilation systems is air displacement in practice they may operate as both diluters and displacers
.  Typical installations involve pressurising some areas of the house (where the inlet diffusers are located), and de-pressurising other parts (where the extract vents are located).  As long as doors are open there should be a relatively free movement between air output areas and input and a reasonable degree of balanced pressure, air displacement should occur.  But if doors are closed, effectively small areas of positive pressure and negative pressure are being created and the system will tend to act more like a combination of positive pressure systems and extract systems.  Care is also required to ensure that a ‘short circuit’ route is not created between outlet and inlet ports which would result in areas of the house being bypassed by the system.  Suppliers seem well aware of these issues (see Cleanaire website, for example).
Humidity control – a conventional HRV heat exchanger is similar to positive pressure systems in terms of the humidity control over the incoming airstream – the airstream is not actively dehumidified (or conversely humidified) – rather RH will change depending on the RH of the air source and the degree of pre-heating provided either by the heat exchanger (or the roof cavity in the case of PP-RCHT systems).  An ERV system provides a degree of humidity modification.  The driving force for transfer is the difference in absolute humidity on both sides of the exchanger.  By absorbing moisture from the cooling air some humidity modification might be achieved of the incoming air.  In ‘winter’ mode cold air coming into the heat exchanger with low absolute humidity could absorb moisture from the paper membrane that had been deposited by the high humidity outgoing airstream.  Conversely in summer, hot highly humid air could deposit moisture on the membrane through the cooling effect of less humid outgoing air, thus achieving a dehumidifying effect.

However it is unclear whether this form of humidity modification has generalised benefit in the New Zealand environment.  In particular it is doubtful that any further enhancement of moisture content of the incoming airstream in winter would be beneficial (except perhaps in a very dry winter environment such as Central Otago).  Where the added moisture is a dis-benefit rather than a benefit, an ERV would need to run on higher air exchange rates than an HRV to compensate.  
In the US, energy recovery ventilation is becoming a more popular form of ventilation control, but particularly in northern tier winter heating zones (i.e. very cold climate and with long periods of drying central heating) and areas with warmer and high humidity climatic conditions
.  The Home Ventilation Institute note that in the US HRVs are more commonly used in homes where the primary concern is high humidity in winter, while ERVs are typically recommended where moderating year round humidity extremes is a concern
.

4.5 Energy performance
Fan power – BP-HRV systems need both an input and an exhaust fan operating.  The Lossnay material states that total fan load under high, medium and low air flow conditions as 226W, 146W and 89W respectively.  The Cleanaire brochure cites 200W for high power and 60W for low power for its full size systems.  Intelivent states their system has two 85W fans.  For an indicative estimate if the fans are operating on a low-medium load of 90-140W for two-thirds of the time, yearly electricity use would be in the range of 525 to 816kWh
.  Note that the fan power figures would include typical pressure losses in the filter, ducting and fittings but would not necessarily cover situations of high duct losses or large house set-ups.
Losses from uncontrolled ventilation - Because (in an ideal setup) the house overall is at neutral pressure, unless the house is very airtight, it will still be subject to uncontrolled ventilation losses.  As the Energy Savings Trust (Ref 12) notes, the energy saving benefits of BP-HRV systems are only realised for airtight properties (<5m3/hr/m2 at 50Pa) when almost all ventilation air passes through the heat exchanger. 

Heat recovery - The following worked example provides a simplified way of understanding the ventilation energy balance of a home with a BP-HRV system added.
1.  House with moderate uncontrolled air losses of 0.5ac/h, accounting for 20% of annual heating of 5,000kWh.

A BP-HRV system is added providing an additional 0.3 ac/h but with no attempt to tighten up the uncontrolled losses.  This means overall ventilation losses increase to 0.8ac/h.  If the heat exchanger achieves 60% heat recovery on the 0.3ac/h passing through the heat exchanger, then overall energy for heating would increase by ~240kWh pa or about 5%.  On the credit side there might be some heating benefit from introducing drier air.
2.  As above, with a BP-HRV system added, but uncontrolled air losses are reduced to 0.2 ac/h.
An equivalent amount of air would still be discharged from the house as initially (0.5ac/h).  But the BP-HRV system would be recovering 60% of the heat contained in 60% of the ventilation losses (i.e. the 0.3ac/h passing through the heat exchanger).  The energy for heating would decrease by about 340kWh (~7%).  
In addition, in both cases, there is the need to account for the electrical energy for running the heat exchanger fans.
4.6 Heat exchange ventilation in low energy homes

This section illustrates two examples of ventilation systems that have been designed for recently developed low or zero energy homes in the UK.  Both examples have adopted a similar design philosophy:
· Both utilise advanced energy capture technologies to provide for a high level of secure, natural ventilation

· Both utilise a balanced pressure approach to ventilation and incorporate a highly efficient heat exchanger.
But as illustrated in Figs 7 and 8 below both buildings have used somewhat different specific technologies for solutions.
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Figure 7. Bedzed low energy housing development - shows wind-cowl ventilator which provides naturally driven ventilation via the wind energy captured by the cowl, and which also incorporates an integrated high efficiency heat exchanger.
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Figure 8. Kingspan Lighthouse zero carbon home – combines passive ‘windcatcher’/solar chimney for natural ventilation and heat purging during the summer, with a high efficiency mechanical heat exchange unit (externally powered) for consistent year round ventilation. 
4.7 Summary of key points
· BP-HRV systems are far less common in NZ compared with PP-RCHT systems and to date have been substantially more expensive than basic positive pressure systems.
· These systems can provide very good ventilation, delivering required airflow rates relatively independently of weather conditions.  However, the overall effectiveness of BP-HRV systems depends critically on having an already airtight house.  This is needed to ensure that uncontrolled ventilation losses are minimised so that almost all ventilation air passes through the heat exchanger.
· Enhancements provided on some BP-HRV systems are likely to provide some energy and comfort benefit.  Being able to utilise the heat from the roof cavity at particular times could be beneficial; so too the ability to bypass the heat exchanger with a fresh air supply, particularly at times during the summer when a direct supply of fresh air would assist house cooling.  However it is difficult to quantify these benefits or determine their overall cost-effectiveness.
· The ability to make full use of these options would depend on reasonably sophisticated controls.  Thermostats are needed to sense indoor, roof cavity and outdoor temperatures, suitable duct valving is needed, and the controller needs to be flexible, understandable and friendly to the user. 
· There is currently a lack of agreed performance standards or a rating system to enable the different BP-HRV systems, heat exchangers and optional extras to be evaluated on a comparable basis.
· BP-HRV systems seem particularly suitable in colder areas where there is a substantial space heating requirement, and where homes are already well heated.

· BP-HRV systems are also highly suitable for new houses.  In the move toward low energy and zero carbon houses in the UK, high efficiency BP-HRV systems are regarded by the EST as ‘best practice’ ventilation.  When integrated with passive or other naturally driven ventilation systems they are achieving ‘advanced’ practice status, suitable for the highest performing houses.
5 Conclusions
Despite the popularity of mechanical ventilation systems – it is estimated somewhere up to 150,000 have been installed in NZ houses, mostly in the last 8 years – there appear to be no agreed industry standards for design and installation, or independent recommendations/guidance about the suitability of systems for differing situations.  A quick perusal of supplier websites shows a huge range of system specifications and options being recommended - different air flow rate recommendations, different numbers of diffuser outlets recommended, optional provision of a fresh air supply, capability of controllers etc.  There are a range of claimed benefits, and counter-claims about competing products. 
There is a similar lack of guidance on energy performance.  Some PP-RCHT suppliers are quite circumspect about the energy benefits, while others claim heating cost savings of up to 60%.  While there are certain circumstances where large energy savings might be possible (e.g. warmer parts of the country, lower heating demands, and favourable house situation), there is no evidence to show that these savings are ‘generalisable’ around the country.  In colder parts of the country, in the middle of winter, it is not at all clear whether there are in fact net energy gains from PP-RCHT systems.  At night roof surfaces can sometimes act as energy dissipaters to the extent that air in the roof cavity will be colder than ambient.  In the summer, systems without a summer bypass will have to be turned off for extended periods in order to avoid overheating the house.  A worst case scenario could see a house with a PP-RCHT system require both additional winter heating and supplementary summer cooling in order to overcome these deficiencies.

A key focus of this review has been on the energy performance of the two main types of mechanical ventilation system used in NZ.  But it mustn’t be lost sight of that the primary function of these systems is ventilation and moisture control i.e. to provide adequate controlled air changes to ensure indoor air quality and control of moisture/condensation.  This requirement must set the design specifications for these systems.  Key design parameters include appropriate airflows, filtration standards, internal distribution of air, system control etc., appropriate for specific house types and climate zones in NZ.
But this must be done within a broader, integrated framework.  In existing houses poor indoor air quality and excessive moisture are often symptoms of other underlying issues such as poor insulation, inadequate heating, inappropriate heating (such as unflued gas heating), and a lack of spot ventilation from wet areas.  In general these issues need addressing before whole-house mechanical ventilation systems are considered, or are at least considered as part of an integrated package of measures.  In new houses integrated ventilation solutions need to be considered at the outset.

There are lessons to be learnt from the US and UK where considerable effort by government agencies and the industry has gone in to determining appropriate ventilation requirements, rating systems, and integrated solutions.  A particular driver is the objective of sustainable homes and in particular the desire to achieve zero carbon and zero net energy homes.  Actions undertaken include:
· A substantive research programme undertaken through the Building America programme which has led to recommendations and guidance on system types and design parameters across the diverse climate zones of the US
· In the UK a Guidance Document setting out ‘Good’, ‘Best’ and ‘Advanced’ energy efficient ventilation practice recommendations, produced by the Energy Saving Trust.
· In the US product certification and labelling such as the HVI Certification, which flows through to use by high performance labels such as Energy Star®, Green Building Council etc.
Both the US and UK have building code requirements not too dissimilar to those in NZ, but the main difference seems to be the extent to which mechanical ventilation systems are regarded as being an integral part of a healthy, energy efficient home, and the aspiration for future zero-carbon homes.  Much work has gone into interpreting building code requirements in particular situations, and providing guidance and best practice recommendations.

Recommendation - arising from this overview, the core recommendation is that the appropriate government agencies (the Department of Building and Housing and EECA) should take the lead, working with industry where appropriate, to develop ratings, guidelines and recommendations on the use of ventilation systems, appropriate for NZ conditions.  This work should be focused around the goals of achieving healthier and more energy efficient housing in NZ.  Two key outputs from this work are:
· Ventilation and moisture control – guidance and recommendations on moisture source control, and ventilation requirements according to house type, climate etc., including clarity on air exchange rates, diffuser numbers, source of ventilation air, filtration etc.

· Energy performance – ratings, guidance and recommendations on the energy performance of different ventilation systems and options, and the integration of this with household energy solutions overall, so that consumers can have confidence when making purchasing decisions.

In order to get to this point considerable work is likely to be required in a number of areas.  The following list is not comprehensive, but indicative of workstreams that may be needed:
· Extend the information base through further empirical research to determine actual in-situ performance of ventilation systems in the field (especially important for PP-RCHT systems).
· Develop a model that could determine approximate energy balances for roof cavity collection systems for various house/roof configurations, in different parts of the country, and which could then be used to inform consumer choice.
· Develop performance assurance methodologies e.g. EnergyStar®, HVI certified label.
· Encourage an industry association to arrive at ‘consensus’ performance standards. 

· Work with the industry to develop ‘good’, ‘better’, ‘best’ practice design and procedures.
Appendix 1.  Home ventilation system suppliers
Note this is not a complete list of all suppliers in NZ – this represents the suppliers whose material was accessed from websites and reviewed. 
	System 
	Main Supplier
	Contact

	Positive Pressure

	HomeVent
	Air Care (Palmerston North)
	http://www.homevent.co.nz

	Weiss
	Air Care (Palmerston North)
	http://www.homevent.co.nz

	QualityAir
	Quality Air
	http://www.qualityair.co.nz

	Moisture-master
	Condensation Control Ltd.
	http://www.condensation.co.nz

	Nuaire Drimaster
	X-Air Ltd
	http://www.drimaster.co.nz

	Drivaire
	Drivaire Home Ventilation
	http://www.homeventilation.co.nz

	DVS
	DVS Ltd
	(http://www.dvs.co.nz

	SmartVent
	Securimax Ltd
	www.securimax.co.nz

	Hometech
	ACD (Anti Condensation Device)
	http://www.hometech.co.nz/condensation-soluations.asp

	HRV
	HRV (Heat Recovery) 
	http://www.hrv.co.nz

	Healthaire
	Healthaire
	http://www.healthaire.co.nz

	Balanced flow/heat recovery systems

	Lossnay
	BDT (Black Diamond Technologies)
	http://bdt.co.nz/lossnay

	SmartVent Synergy
	Securimax Ltd
	www.securimax.co.nz

	Cleanaire
	Avon Electric, Christchurch
	http://www.dryair.co.nz

	Intelivent
	Entuition Ltd
	http://intelivent.co.nz/index.html


Appendix 2.  Summary of main types of ventilation systems

	System
	Applications
	Advantages
	Disadvantages
	Comment

	Passive
	Trickle ventilation to parts or all of a house
	Simple to use, understand

Low maintenance

No running costs or electrical connection 
	Irregular and intermittent ventilation – dependent on weather condition, wind pressure etc

Likely to need mechanical back-up/supplementation to achieve consistent ventilation
	Can be useful but they don’t provide consistent ventilation in all weather conditions

	Passive stack
	Part or whole house, sometimes in conjunction with mechanical systems
	No running costs or electrical connection 

Low maintenance

Quiet
	Irregular and intermittent ventilation, especially in hot weather as dependent on temperature gradients

Difficult to install unless specifically designed

Likely to need mechanical back-up/supplementation to achieve consistent ventilation
	EST regard as good practice but not best or advanced practice for new houses unless assisted in some form

	Exhaust (spot)
	Spot ventilation of wet areas (e.g. kitchen, bathrooms)
	Easy and inexpensive

Effective in dealing with localised steam/ humidity issues - reduces the likelihood of contaminants being spread to other spaces
	Fans generally noisy

Generally not suitable for bedrooms and living areas – areas that require consistent ventilation 
	EST regard as good practice but not best or advanced practice for whole house and new houses

	Negative pressure (whole house exhaust)
	Whole house background ventilation
	Relatively easy and cheap to install
	Doesn’t allow incoming air to be filtered or otherwise conditioned - unfiltered air drawn through gaps and openings in building elements may be polluted and hazardous.

May entrain pollutants from combustion, attached garage, ground (moisture, radon) etc

Risk of moisture damage to structure in hot-humid climates
	Common overseas but not common in NZ

	Positive pressure with roof cavity heat transfer
	Whole house ventilation for new and existing houses 
	Allows good control of intake air filtration

Can precondition outside air

Potential heating energy benefits from using roof cavity air
Optional inlet sources, valves and controllers can enhance system performance
	Houses need to be well sealed especially the ceiling in order to prevent backflow of stale, moist air

Not recommended for very cold climates because of potential moisture entrainment and damage to structure

Lower cost systems generally don’t include desirable options

Roof cavity heating benefit highly dependent on specifics of houses, system and climate

Concerns about potential air contamination from roof space
	Most common ventilation systems sold in NZ but there is a lack of agreed guidance on design and performance parameters
EST regard as good practice but not best or advanced practice for new houses

	Balanced pressure with heat recovery
	Whole house ventilation for new and existing houses
	Allows good control of intake air filtration

Ventilation largely independent of weather

Provides efficient pre-heating of incoming air

Energy efficiency benefits from heat exchanger
	Generally more expensive to install than positive pressure systems 

Needs careful design and installation to avoid uneven pressurization and spatial pressure variations

Houses need to be well sealed otherwise likelihood of excessive ventilation and energy waste
	EST regard as best practice for new houses


Note that this table draws heavily from overseas sources, particularly the Energy Saving Trust (EST - Ref 12), so is not particularly focused on the specifics of New Zealand.[image: image8.png]
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Figure 2. PP-RCHT operational conditions.
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� The estimate comes from this study based on extrapolating results from the NZ 2005 House Condition Survey (see S2.5)


� See June 2006 Edition of Consumer Magazine or available at: � HYPERLINK "https://www.consumer.org.nz/login.asp?category=Login&Mode=FT" ��https://www.consumer.org.nz�


� The 1991 Building Regulations define outdoor air as “Air typically comprising by volume Oxygen 20.94%, Carbon dioxide 0.03 %, Nitrogen and other inert gases 79.03%”.


� Department of Building and Housing. 2008. Compliance Document for New Zealand Building Code Clause G4 Ventilation. 3rd Edition. Available at: � HYPERLINK "http://www.dbh.govt.nz/UserFiles/File/Publications/Building/Compliance-documents/clause-g4.pdf" ��http://www.dbh.govt.nz/UserFiles/File/Publications/Building/Compliance-documents/clause-g4.pdf�


� Bassett, Mark. 1992. Ventilation Trends in New Zealand Housing.  BRANZ.


� The test results reported by Bassett were at 50Pa (pressure created by a blower door test).  These results have been divided by 20 (a generally accepted divisor) to derive a natural air leakiness rate.


� Michael Lubliner, and Andrew Gordon. 2000. Ventilation in US Manufactured Homes: Requirements, Issues and Recommendations. Presented at the 21ST ANNUAL AIVC CONFERENCE The Hague, Netherlands, 26 -29 September 2000. Available at: � HYPERLINK "http://www.eere.energy.gov/buildings/building_america/pdfs/db/31067.pdf" ��http://www.eere.energy.gov/buildings/building_america/pdfs/db/31067.pdf�


� For example, in tests carried out in the UK, Ridley et al (2006) found that the replacement of wooden framed windows with sealed, aluminium framed units reduced the average natural ventilation rate by 0.23ac/h, and that 40% of their sample subsequently had natural ventilation rates of 0.3ac/h or less. See: � HYPERLINK "http://www.communities.gov.uk/documents/planningandbuilding/pdf/143699.pdf" ��http://www.communities.gov.uk/documents/planningandbuilding/pdf/143699.pdf�


� Lstiburek, J.; Brennan, T. 2001. Read This Before You Design, Build or Renovate. Building Science Consortium 28 pp.; Record No. 32114.  Available at: � HYPERLINK "http://www.eere.energy.gov/buildings/building_america/pdfs/db/32114.pdf" ��http://www.eere.energy.gov/buildings/building_america/pdfs/db/32114.pdf�


� Clark, Susan J., Jones, Mark., and Page, Ian C. 2005. New Zealand 2005 House Condition Survey. Study Report No.142. BRANZ.


� This is derived from various estimates cited in EECA publications over the years and applies to houses in a range of geographic locations and with different levels of insulation.


� Energy Saving Trust. 2006. Energy Efficient Ventilation in Dwellings – A Guide for Specifiers. Energy Saving Trust, London. 20pp. Available at: � HYPERLINK "http://www.energysavingtrust.org.uk/Publication-Download/?p=1&pid=276" ��http://www.energysavingtrust.org.uk/Publication-Download/?p=1&pid=276�


� See: � HYPERLINK "http://www.planningportal.gov.uk/england/professionals/en/4000000000339.html" ��http://www.planningportal.gov.uk/england/professionals/en/4000000000339.html�


� See:  � HYPERLINK "http://www.communities.gov.uk/housing" ��http://www.communities.gov.uk/news/corporate/1101131�


� See:  � HYPERLINK "http://www.communities.gov.uk/publications/planningandbuilding/codesustainabilitystandards" ��http://www.communities.gov.uk/publications/planningand building/codesustainabilitystandards�


� See: � HYPERLINK "http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/34867.pdf" ��http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/34867.pdf�


� The research has produced a useful set of publications on various aspects of home ventilation including design specifications, system comparisons, climate-based recommendations etc.  See publications lists at: � HYPERLINK "http://nrelpubs.nrel.gov/Webtop/ws/nich/www/bapublic/ResultSet;jsessionid=B6458CD698F38A86F7080FC6800B8FE2?upp=0&w=NATIVE%28%27TOPIC+%3D+%27%27BAVS%27%27%27%29&order=native%28%27pubyear%2FDescend%27%29" ��Building America: Records 1 to 10 of 29�


� See:  � HYPERLINK "http://www1.eere.energy.gov/buildings/residential/hvac.html" ��http://www1.eere.gov/buildings/residential/hvac.html�


� An online preview of Standard 62.2 2007 is available at: � HYPERLINK "http://www.ashrae.org/publications/page/1285" ��http://www.ashrae.org/publications/page/1285�


� See: � HYPERLINK "http://www.hvi.org/favicon.ico" ��http://www.hvi.org/favicon.ico�


� The building thermal envelope encompasses the conditioned spaces bounded by the ceiling, walls, glazing and the floor.


� Since 1993 the NZ Building Code has required all such extraction systems be vented to the outside.  Prior to then venting into the roof space was allowable.  Note that the 2005 House Condition Survey found that 15% of houses were venting from the bathroom into the roof space (c.f. 34% to the outside) and 8% of kitchens were vented to the roof space (c.f. 50% to outside) (See Ref 10).


� It was assumed that rental houses have 30% of the rate of ventilation systems as found by Clark et al.  Note also that while the survey is reported as being 2005, data was collected across both 2004 and early 2005.


� Stephen R. K. 1998. Airtightness in UK dwellings: BRE’s results and their significance. BRE Report BR359, ISBN 1 86081 261 9. London, CRC Ltd. � HYPERLINK "http://projects.bre.co.uk/favicon.ico" ��http://projects.bre.co.uk/favicon.ico�


� From DVS Ltd website:  � HYPERLINK "http://www.dvs.co.nz/index.php/pi_pageid/19" ��http://www.dvs.co.nz�


� From HVS (Home Ventilation Systems) brochure.  Other suppliers have made similar claims; for example see Home and Garden Magazine, Winter 2007 (HRV advertisement).


� Fortes, Raewyn, Phipps, Robyn, Fleming, Marie. 2003. An Empirical Pilot Study of a Domestic Ventilation System For The Control of Moisture in New Zealand Homes. Paper to the Pacific Rim Real Estate Society Conference (January 2003).


� Inga J. Smith, Bonar R. Carson, and Mark R. Bassett. 2008.  IS THERE FREE HEAT IN THE ROOF SPACES OF NEW ZEALAND HOUSES? MECHANICAL VENTILATION SYSTEMS AND HEAT TRANSFER. Paper presented to 3rd International Solar Energy Society Conference – Asia Pacific Region (ISES-AP-08) November 2008


� Iain Hosie, HRV Ltd., personal communication.


� For example HRV Ltd provided the author a ‘before and after’ test report of such as house; also, see: � HYPERLINK "http://www.healthaire.co.nz/pdf/sean_smith_article.pdf" ��http://www.healthaire.co.nz/pdf/sean_smith_article.pdf�;


� Note that many systems are designed to provide much higher air change rates than these.


� Curtis Dobbie, Healthaire. Personal communication.


� Department of Building and Housing. 2008. Domestic Ventilation Systems. Codewords Issue 29: See: � HYPERLINK "http://www.tenancy.govt.nz/codewords-29-5" ��http://www.tenancy.govt.nz/codewords-29-5�


� See: � HYPERLINK "http://www.dryair.co.nz/Pages/Common/home_ventilation.htm" ��http://.dryair.co.nz/Pages/Common/home_ventilation.htm� (‘Design Guide’ page). Note, however, that this is a supplier of BP-HRV systems, not PP-RCHT systems.


� On the same principle, but in reverse, negative pressure systems are not recommended for hot humid areas in the US.  Negative pressure systems would encourage ingress of warm humid air from the outside, through the gaps in the building envelope, with the possibility that water will condense inside the wall structure as the air cools to the inside (air conditioned) temperature. 


� Personal communication, Mark Bassett (BRANZ)


� Elliot, Stuart. 2008. Glen Iris Case Study – A Performance Report on the HRV System.  – report provided to the author by HRV Ltd, New Zealand.


� Note also that warm air was being extracted from the roof cavity over this period so does not show the full amount of heat capture.


� See: � HYPERLINK "http://www.drimaster.co.nz/Downloads/671179.pdf" ��http://www.drimaster.co.nz/Downloads/671179.pdf�


� Sun- heated roof cavities produce substantial heat forcing potential into a house. Based on the temperature profile for the Dunedin house ceiling cavity (Fig 3A), a 140m2 house with ceiling R-value of R1.2 would receive about 11kWh of heat through the ceiling over a 12 hour period from about 10am-10pm; a better insulated ceiling (R3.5) would result in about 4kWh of heat ingress.


� See: � HYPERLINK "http://www.hvi.org/assets/pdfs/HVI_FreshIdeas.Dec08.pdf" ��http://www.hvi.org/assets/pdfs/HVI_FreshIdeas.Dec08.pdf�


� Only one supplier (Healthaire) specifically note on their website that they didn’t provide pre-heating units, citing fire risks and energy inefficiency (energy losses from the ducting).


� Based on 20.6c/kWh - see: � HYPERLINK "http://www.homevent.co.nz/homevent.htm" ��http://www.homevent.co.nz/homevent.htm#3�. 


� See: � HYPERLINK "http://www.hvi.org/assets/pdfs/CPD/CPD_Sec3_01Jan09.pdf" ��http://www.hvi.org/assets/pdfs/CPD/CPD_Sec3_01Jan09.pdf�.  Note that these efficiency measures do not include duct losses.


� Kingspan Lighthouse home - See: � HYPERLINK "http://www.kingspanlighthouse.com/energy.htm" ��http://www.kingspanlighthouse.com/energy.htm�


� It is assumed that the efficiencies being cited are ASEF rather than SRE – although it is not clear from the literature. The claimed efficiencies are unable to be verified.


� Gregory M. Dobbs, Khee Poh Lam, Stephen R. Lee, Chaoquin Zhai, Glenn Saunders and Daniel Walczyk. 2005. Recent Advancements in High Latent Recovery Effectiveness Membrane Flat Plate Heat Exchangers for Air-to-Air Energy Recovery from Ventilation Air.  Presentation to ASHRAE 06/05 June 29, 2005.  See: � HYPERLINK "http://tc55.ashraetcs.org/pdf/ASHRAE06-05_Seminar44_Final_Dobbs.pdf" ��http://tc55.ashraetcs.org/pdf/ASHRAE06-05_Seminar44_Final_Dobbs.pdf�


� Perfect air displacement assumes that one unit of introduced fresh air replaces one unit of ‘used’ air.  Dilution assumes that one unit of introduced air mixes with existing air in the house, so that the air that exits the house is a mix of semi-fresh air and the stale air.


� See: � HYPERLINK "http://www.frost.com/prod/servlet/press-release.pag?docid=111668061&ctxst=FcmCtx1&ctxht=FcmCtx2&ctxhl=FcmCtx3&ctxixpLink=FcmCtx3&ctxixpLabel=FcmCtx4" ��Going Green: Energy Recovery Ventilation Systems Reap Benefits�


� See: � HYPERLINK "http://www.hvi.org/assets/pdfs/HRV.ERVBrochJune2008.pdf" ��http://www.hvi.org/assets/pdfs/HRV.ERVBrochJune2008.pdf�


� For comparison the Kingspan Lighthouse (S4.6) has been certified with an assumed annual energy consumption from the whole house ventilation system of 400kWh/yr.  As well as operating at 88% efficiency the ventilation is supplemented by passive stack ventilation.





xxxiii
3
Report to EECA: January 2009

