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Abstract: Ireland’s CO, emissions are above the EU average and follow an increasing trend.
Since 64% of Ireland’s 2050 housing stock already exists, this is a prime target for carbon
reduction measures. The existing housing stock is typically hollow block masonry
construction.

HTB2 was used to analyse a representative dwelling in an Irish climate with refurbishment
options which increased the building specific mass to 76kg/m?, 361kg/m? and 603kg/m? for
more than forty patterns of occupancy.

For average Irish occupancy, the thermal mass had little impact on energy use. However,
heavy weight fabric was more efficient for higher occupancy and light weight fabric more
efficient for lower occupancy. High thermal mass increased energy use substantially for
dwellings left unoccupied for a full day or more.

Thermal mass had a modest impact on overheating. Reduction of internal gains and
increasing ventilation at appropriate times were far more effective.
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Introduction

Between 1990 and 2006 Ireland’s total emissions increased by 67.4%. 25% of Ireland’s
carbon emissions occur in the residential sector (O'Leary, Howley et al. 2008) and CO,
emissions per dwelling in Ireland (in 2005) were 47% higher than the UK and 104% higher
than EU27. Existing dwellings will account for 64% of the housing stock in 2050 if the
person per dwelling stays at the current level of 2.81 (MIIR 2006). Therefore, refurbishment
of existing housing stock will be required to achieve significant reduction in CO, emissions
by 2050.

Thermal mass is one of the dwelling attributes which can be altered during refurbishment;
however, the effectiveness of this strategy is likely to depend on the level and intermittency
of occupation. The effect of thermal mass on energy efficiency and thermal comfort will be
investigated.

Literature Survey

Detached and semi- detached houses account for 70% of Irish dwellings (CSO 2007). These
houses have large areas of external wall which increase space heating demand in comparison
to terraced houses and apartments. Approximately 58% of dwellings in Ireland were
constructed prior to mandatory building regulations in 1991.

Between 1976 and 1987 Hollow Block construction accounted for 65% of private dwellings
built nationally (Mulville 2008). A Hollow Block is a concrete block which contains a
number of cavities that fully penetrate the block. Dwellings constructed in Ireland during this



period typically had timber frame pitched roofs with tile or slate external finish. The first
floor was made up of timber joists. Internal partitions were timber studs with plasterboard.
A review of recent studies on the use of thermal mass indicates that placing thermal mass
within the insulating envelope consistently gave the lowest energy use and decrement factors
along with the most consistent internal temperatures for the Australian climate (Gregory,
Moghtaderi et al. 2008). In the Southeast of England the impact of thermal mass on energy
use considering climate change effects predicted using UKCIP02 (Hacker, De Saulles et al.
2008) have been considered. However, both studies assumed continuous occupancy of the
dwelling. In reality age, gender and economic status have significant impact on the
percentage of time a dwelling is occupied (Eurostat 2004). Therefore, the impact of building
occupancy on the effectiveness of thermal mass in occupation of Irish dwellings will be
investigated.

Method

The literature has identified that a Hollow Block, semi-detached house built before 1991
would be a representative building to consider refurbishment options incorporating different
levels of thermal mass.

The U-value and infiltration targets set by a variety of standards for sustainable and low
energy construction (EST 2002; BRE 2008; DCLG 2009) were reviewed. Based on this,
target U-values of 0.13 W/m?K for the wall, roof and floor, with 1.0 W/m?K for the windows
and doors were set. A target of 2m*/h/m?@50Pa for air permeability was also set.

A base level of refurbishment including increased insulation, replacing the suspended ground
floor with a concrete floor slab and replacing single glazing with triple glazing was assumed.
For the Light Weight Structure the external walls are insulated internally. The ground floor
slab is 50mm thick concrete with a carpet finish to reduce the admittance value. For the
Medium Weight Structure the external walls are insulated externally. The ground floor
slab is 100mm thick with a 20mm thick tile finish. However, the carpet finish is retained at
first floor level. The Heavy Weight Structure also has the external walls insulated
externally; however, in this scenario the cavities within the hollow block walls have been
filled with medium weight concrete. In addition the ground floor slab is increased to 150mm
thick and a 20mm thick tile finish is introduced on the first floor level.

The specific mass calculated for each of the refurbishment options only includes mass located
within the insulating envelope. The specific mass for the light, medium and heavy weight
buildings respectively are 76kg/m?, 361kg/m? and 603kg/m?.

A timeline indicating how the dwelling might be used by a single family from 2010 to 2075
was developed to indicate the gender, age and economic status of each occupant as they
impact on the average time spent at the dwelling. The research will focus on scenarios
representing different stages of building occupation (1, 4 and 2 occupants) which provide a
wide variety of occupancy hours.

Table 1: Dwelling Occupant Timeline

Occupants Male 1 Female 1 Male 2 Female 2
w WE w WE w WE w WE
hrs hrs hrs hrs hrs hrs hrs hrs

1 15.5 16.5

4 15.5 16.5 17.5 17.5 16 16.5 17 17

2 16.5 17.5 19 19

FTE - Full Time Employment, PTE — Part Time Employment, R — Retired, S — Student, W — Weekday, WE -
Weekend




While the hours of occupancy are relatively accurate for an individual occupant, the way the
occupant time overlaps is assumed. This is addressed by modelling a range in hours of
occupancy which extends up to six hours higher and lower than the anticipated occupancy:
resulting in 52 separate occupancy scenarios, each of which will be simulated for the light,
medium and heavy weight fabric refurbishment options.

The model “HTB2” (WSA) was selected for the investigation as it is capable of accurately
modelling the thermal storage of heat and is primarily used as a research and investigative
tool. In the HTB2 model, each room of the dwelling forms a zone, with additional zones
created for the unheated attic spaces and the adjoining structure to simulate their thermal
effects. The hollow block construction has been simulated by dividing the external walls
proportionally into areas of solid concrete (web) and areas of cavity construction (void).
When the dwelling is occupied every zone is heated using an idealised system synchronised
exactly with the hours of occupancy (without heating or cooling periods). Dublin weather
data is used for all simulations and is from the (USDOE) website. The modelled ventilation
rates are based upon recommendations in (CIBSE 2006) Guide A. These figures represent the
total air exchange between the notional dwelling and the exterior. They include both
uncontrolled infiltration and controlled ventilation. The air change rates are not dependent
upon the number of occupants or the hours of occupancy of the occupants. The heating
system of the notional dwelling is identical for every simulation model. Several organisations
have recommendations for thermostat settings in dwelling rooms (SEAI ; CIBSE 2006;
Boardman 2007; Hacker, De Saulles et al. 2008). The thermostat settings selected for the
simulation model are 18°C for the Hall, Landing and Bedroom, 19°C for the Kitchen, 20°C
for the Bathroom and 21°C for the Living Room. It is assumed that each occupant’s activity
level is 70W at all times (CIBSE 2006). Internal Gains from visitors have been ignored to
improve the comparability of results. Internal gains due to electricity usage (Yohanis,
Mondol et al. 2008) have been applied proportionally based on floor area to all inhabited
Zones.

Results

Energy Usage

The energy usage for space heating of the notional dwelling for the defined scenarios ranges
from 28.50 to 41.38kWh/m?/a, significantly higher than that allowable for the Passivhaus
standard. However, the refurbished building orientation is not optimised to gather solar gains
and has experienced improved thermal comfort by having the heating system operate
throughout the night.

Figure 1 shows a comparison of space heating energy use for the combinations of occupancy
hours, internal gains related to occupancy and thermal mass. It is clear that the number of
occupants has a larger effect upon total energy usage than the number of hours for which a
dwelling is occupied or the thermal mass. Reducing the occupation hours of the notional
dwelling appears to have a disproportionally small effect upon the total energy usage, e.g. for
a medium weight structure, reducing the occupation hours by 32%, only reduces total energy
usage by 5%.

The effect of building fabric is also modest, the largest difference is 2.4% for one occupant
which equates to (0.83KWh/m?a). In the case of four occupants the total energy usage
eventually decreases with increasing hours of occupation. This reduction is also modest
(0.79KWh/m?/a maximum).

The energy needed to heat the notional dwelling for one day a week is 2.2 to 2.9 times the
energy needed to heat the same notional dwelling for the seventh day. For a dwelling which



is only occupied for a single day a week the difference between the best performing and
worst performing fabric (Light and Heavy respectively) is almost 4K\Wh/m?/a. The equivalent
figure for a dwelling occupied seven days a week is 0.013KWh/m?/a. This clearly
demonstrates that a lightweight fabric is preferable for a dwelling which will be occupied on
an intermittent basis; however, there is little difference in the performance of medium and
heavy weight fabrics.
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Figure 1: Comparison of Space Heating Energy Use

Overheating

One of the potential disadvantages of environmental refurbishment is an increase in
overheating. Major overheating (CIBSE 2005) occurs when the temperature is 25°C or higher
in bedrooms, or 28°C or higher in living areas. A space is considered to have an overheating
problem if major overheating occurs for 1% or more of the total occupied hours (88hrs per
year in a continuously occupied building).

Figure 2 illustrates the major overheating hours for the number of occupants, thermal mass
levels and hours of occupancy.
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Figure 2:

Comparison of Major Overheating Hours




The entire profile for two and four occupants and a portion of the profile for 1 occupant
exceed the threshold of 88 hours which indicates an overheating problem.

The higher mass fabric reduces the major overheating hours, in the case of one occupant by
79%. Medium weight fabric only performs 71%-75% as well as the heavy weight fabric.
However, thermal mass was less effective as the number of occupants and arising thermal
gains increased.

Increased Ventilation

Ventilation was considered as an alternative strategy for reducing overheating hours since the
external air temperature in Ireland rarely exceeds 21°C for more than a few hours (USDOE).
Scenarios were selected to explore the effects of ventilation. These covered low and high
hours of occupation for 1, 2 and 4 occupants and the three thermal mass levels. Once the
temperature in a zone raises above 21°C for a bedrooms or 25°C for a living spaces, the
ventilation rate increases to 1.5 ACH to simulate a window being opened.

Increased ventilation rate has a dramatic effect upon the number of major overheating hours,
which is reduced to an acceptable level for every scenario. The highest instance of
overheating hours is 24hrs for a light weight fabric with high internal gains (a 99%
reduction). In comparison, changes in thermal mass for these scenarios without additional
ventilation only created a 5% reduction in major overheating hours.

The main disadvantage of increasing ventilation rates is an increase in overall energy usage.
This occurs as excess heat is no longer stored and available for use during colder periods
resulting in increased space heating; however, this increase is modest in size and can be
justified by the large improvement in thermal comfort. If overheating is a significant problem
it is likely that the occupants will adapt the dwelling and this may involve the addition of an
air conditioning system or other energy intensive building services.

Conclusion

Masonry construction exhibiting high levels of thermal mass was found to be the dominant
form of construction in existing Irish Dwellings with concrete hollow block extremely
prevalent. Although this form of construction has a high level of thermal mass, it has poor
thermal performance and is an ideal candidate for refurbishment. The refurbishment
techniques considered were limited to building fabric alterations which illustrated light,
medium and heavy weight thermal mass, but which retained the same U-values for each
building element.

The occupancy of the notional dwelling was expected to strongly influence internal gains and
the performance of the thermal mass. Evidence indicates that Irish people occupy dwellings
in a manner which is broadly similar to other Europeans; however, accurate dedicated survey
data was not available. To compensate for this, a wide variety of potential occupancy
profiles have been considered.

HTB2 computer simulations were used to investigate the impact of likely patterns of
occupancy, internal gains (related to the number of occupants) and levels of thermal mass in a
notional dwelling representative of potential future refurbishments in Ireland.

It was found that at average hours of occupancy the level of thermal mass makes little
difference to total space heating energy use. In an Irish climatic context, a light weight fabric
is more efficient for reduced hours (less then 115hrs per week), while a heavy weight fabric
is more efficient for increased hours of occupancy (greater then 115hrs per week). These
savings are modest in nature but tend to increase at extremely high or low hours of
occupancy. Heavy weight fabric tends to be more effective in dwellings with high levels of
internal gains; however, a dwelling which has not been heated for a number of days will



suffer a penalty of increased energy consumption when first heated. This penalty can equate
to 1.2 — 2 days energy usage.

It is also important to investigate the effect of thermal mass on thermal comfort in the
refurbished dwelling. The (CIBSE 2005) definition for major overheating was used. In
dwellings occupied at night, thermal mass is relatively ineffective at reducing overheating
hours - controlling internal gains and increasing ventilation during periods of overheating
were more effective. Although increasing ventilation did incur a modest increase in energy
use, it was considered that this was acceptable in comparison to the use of domestic scale air
conditioners or other energy intensive solutions. Climate predictions indicate that overheating
will be an increasingly prevalent problem in Irish housing stock in the future.

It is clear from the results of this research that longer hours of occupancy are more efficient
in terms of energy use per hour. It is also clear that the number of persons per dwelling in
Ireland has been dropping. Larger household sizes are more efficient in terms of energy use
per person as there is less unoccupied time.
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