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Introduction
CREST - Centre for Renewable Energy and Sustainable Technologies is led by South West College
which is a Further and Higher Education College, located in the South West region of Northern
Ireland. The College currently occupies a unique position as a driver for innovation in a range of
specialist areas including renewable energy and sustainable technologies and holds a strong track
record of working with and supporting local enterprises and in particular small medium enterprises
(SMEs). This has been achieved through the operation of the Centre for Renewable Energy and
Sustainable Technology (CREST), which provides industry research and development, across three
main themes which are Sustainable Construction, Bioenergy and Energy Storage. The centre has
excellent state of the art demonstration and testing facilities for the development of new renewable
energy products and sustainable technologies.
The ethos of the CREST centre is to create a sustainable technology research facility that can benefit
the region, by showcasing the technologies that are integrated with a very energy efficient buildings.
Northern Ireland has the highest percentage of fuel poverty in the United Kingdom at 42 %.( UK Fuel
Poverty Monitor 2016) The South West region of Fermanagh and Omagh district council has an even
higher fuel poverty figure of 55% (Fermanagh and Omagh Housing Investment Plan 2015-2019) . The
United Kingdom is seeing continuing momentum in the adaptation of the passive house standard
with latest figures showing a growth from 0 in 2009 to 500 completed towards the end of 2016 and
an estimated 1000 ongoing buildings underway. (UKPHC Bootland 2016) In Northern Ireland this
growth is more modest with 8 certified projects (PHI database 2016) and an estimated 10 - 20 which
are not certified. It is against this background that South West College through CREST are
demonstrating and developing towards a centre of excellence in Passive House.
The industry accredited and award winning CREST pavilion was completed in November 2014 with
the purpose of being a demonstration building for passive house design principals and renewable
technology. It is an exemplar working model for other construction schemes. It was designed using
all the principles of Passive House design and is the first educational building in Northern Ireland to
have Passive House Certification. The building is also constructed using materials that meet the
standards set out by Building Research establishment (BRE).
The building is distinguished by these 3 key sustainable credentials:
1. Passive House Certified.
2. BREEAM Excellent.
3. Net Carbon Zero i.e. the building can provide with renewable energy the total annual energy
demand. (Solar PV Micro farm coupled with Battery Energy Storage).
Whilst a combination of two of these sustainable criteria has been carried out in other parts of the
UK, this is the first example of a combination of all three.
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Climate in Northern Ireland Vs South Pacific
The call for this paper sought well-established Passive House projects, and their performance over a
number of years. It is important to outline that the CREST pavilion is located in the cool temperate
climate of northern Europe. This is in contrast to the warm climate region of the south pacific. The
PHPP software requires two types of climate data: a set of monthly temperature and radiation data
in order to be able to calculate the heating/cooling demand and a set of heating/cooling load data to
be able to calculate the buildings heating and or cooling load. The data must be representative of
the typical conditions over the entire year for the location of the project for the purpose of this
paper I have included the climate data set for Northern Ireland along with climate data sets for
Melbourne Australia, Christchurch and Auckland New Zealand in order to capture the contrast
between the regions.

Figure 1: Monthly radiation and temperature data sets for Belfast Aldergrove (Source: Meteonorm)

Figure 2: Monthly radiation and temperature data sets for Melbourne Australia (Source: Meteonorm)
The climate in Melbourne, the coastal capital of the south-eastern Australian state of Victoria. The
annual mean temperature is 6 °C cooler in Northern Ireland. Average monthly temperatures vary by
0.7 °C less in Northern Ireland. Annual global solar irradiance is almost double that of the UK 1534.68
kWh/m2/a to 838.69 kWh/m2/a
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Figure 3: Monthly radiation and temperature data sets for Auckland New Zealand (Source:
Meteonorm)
The climate in Auckland, a major city in the north of New Zealand’s North Island. The mean annual
temperature is 5.1 °C cooler in Northern Ireland. Average monthly temperatures vary by 0.6 °C more
in Northern Ireland. Annual global solar irradiance is almost double that of the UK 1544.27
kWh/m2/a to 838.69 kWh/m2/a

Figure 4: Monthly radiation and temperature data sets for Christchurch New Zealand (Source:
Meteonorm)
The climate in Christchurch, is located on the east coast of New Zealand’s South Island. The mean
annual temperature is 5.1 °C cooler. Average monthly temperatures vary by 0.6 °C more in Northern
Ireland. Annual global solar irradiance is almost double that of the UK 1357.65 kWh/m2/a to 838.69
kWh/m2/a
At first it looks like the south pacific region has a significant advantage with all three locations
demonstrating almost double the annual global solar irradiance this highlights the importance of
design and the influence of glazing and orientation. The design for the CREST pavilion in the
southern hemisphere with the corrected orientation will most likely have an increased overheating
issue. Lower levels of insulation would also likely be required.
The ventilation system (summer bypass coupled with natural ventilation in the southern hemisphere
summer) would still work as it is controlled by the building management system. It is likely however
that the set points would be different in the south pacific region.
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The Passive House standard Metrics
The CREST pavilion with a treated Floor Area of 455M2 in Passive House Planning Package software
(PHPP). The pavilion features large areas of glazing to the south that assist with solar gain and allow
natural light to penetrate deep into the floor plan, reducing the amount of artificial light required to
the exhibition spaces at the same time the Passive House design requirements are achieved.
The structure is essentially lightweight with Structural Insulated Panels (SIPs) supported by a Glulam
timber structure. The windows are tripled glazed and orientation has been optimised to maximise
solar gain. Solar control measures are incorporated as a feature with a brise-soleil on the south
facing windows in the lecture theatre. As an incorporated design feature the building has large
overhangs which allow winter solar gain and in the summer the overhang feature helps to mitigate
against the occurrence of overheating. The PHPP software has calculated an overheating frequency
above 25oc at 4%. The pavilion is ventilated using two highly efficient Mechanical Ventilation Heat
Recovery (MVHR) units. These units offer 80% and 84% efficiency in terms of the heat recovered
from extract air. The remaining heating demand for the building is provided via a 3.0kW air source
heat pump and under-floor heating. The design space heating requirement is 5,915 kWh per annum.

Figure 5: CREST Pavilion PHPP Energy balance heating (annual method)
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Thermal envelope
Exterior wall: SIPS panels (polyurethane, 200mm) with an internal layer of mineral wool (50mm) Uvalue = 0.121 W/ (m2K)
Floor slab: Concrete slab insulated with rigid thermal insulation (250mm) U-value = 0.086 W/ (m2K)
Roof: SIPS Panels (polyurethane, 200mm) U-value = 0.16 W/ (m2K)
Window Frame: Munster Joinery, PassivAluP+ Insulated aluminium frames U w-value = 0.75 W/ (m2K)
Window Glazing: Triple glazing unit, low-e and argon filled. U g-value = 0.57 W/ (m2K) g -value = 61%
Entrance door Aluminium glazed door: U d-value = 0.8 W/ (m2K)

Mechanical systems
Ventilation: Zenhder Group Nederland B.V., ComfoAir550 & ComfoAir XL 800
ComfoAir550 with heat recovery rate of 84% working in the Lecture Hall, and ComfoAir XL 800 with
HRR of 80% for the rest of the building, eff. specif. HRE: 78%.
Heating installation: Air to water Heat Pump, with under floor distribution.
Domestic hot water: Direct electric water heater.

PHPP values
Air tightness n50 = 0.6/h
Annual heating demand 13 kWh / (m2a) calculated according to PHPP
Heating load12 W/m2
Primary energy requirement 66 kWh / (m2a) on heating installation, domestic hot water, household
electricity and auxiliary electricity calculated according to PHPP

Figure 6: CREST Pavilion PHPP Specific losses and gains heating balance (monthly method)
The Building Management System (BMS) optimises the performance of the building. It controls the
key services including the heating and ventilation systems. It constantly gathers data from internal
monitors (e.g. temperature, carbon dioxide) responding according to user settings and preferences.
It is also linked to an onsite weather station which measures external temperature and wind speed.
Energy efficient LED lighting is installed throughout, controlled through a mixture of manual and
automatic controls in response to movement and daylight levels.
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In-use Data
The meters and sub meters have also been accumulating since the building was finished in
November 2014. The building management system has holds a record of consumption data for one
year. The post occupation data that has been gathered for this paper includes detailed analysis of
the consumption for the specific heat demand, daily space temperature levels and indoor air quality
through co2 and relative humidity. The monitoring also looks at the electric generation of both solar
PV systems.
The Passivhaus requirements for the Specific Space Heat Demand of the pavilion do not exceed
15kWh/(m2a), our design PHPP calculation was 13.0kWh/(m2a) and the measured performance was
11.62kWh/(m2a) during the first fully monitored 12 month period, November 2014- November
2015. The measured performance was 11.40 kWh/ (m2a) during the second monitored 12 month
period, November 2015- November 2016.
This represents slightly better actual performance that the PHPP simulation by 627.9kWh per annum
in year one and 728kWh per annum in year two. From the monitoring we know that the occupancy
of the building is below the designed occupancy rate. We also know that the corridor space on the
east / south east side of the building does not require additional heat from the heat pump due to
the solar gain. This is suggested as the main reason for the monitored heat demand being less than
the designed heat demand. Solar blinds are due to be introduced in the lecture theatre to solve a
glare issue this may have an effect on the useful solar gains.
Early reports of overheating caused some alarm, this turned out to be due to a combination of
control problems with the night ventilation and higher than required heat pump flow temperature
set points. It is clear that many traditional assumptions about BMS operation are not appropriate for
a Passive house building. Below is an example of a daily internal temperature profile for the CREST
pavilion. The data is recorded at 15min intervals throughout the day. On the date shown below
there was an event with 60 people in attendance.

CREST Pavilion Internal Daily Temperature Profile
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Figure 7: CREST Pavilion Internal temperature profile for 22nd November 2016 (FREED Event)
Air quality has been found to be good with anecdotal reports of pupils being more alert. Spot
readings of CO2 confirm that ventilation is good. The building management system has a set point
800ppm then the building responds with automatic natural ventilation if the outside conditions
allow or the mechanical heat recovery ventilation will respond to keep the max indoor CO2
concentration at or below 800ppm. The average spot level range recorded during November 2016
are at 584ppm to 624ppm at normal operating. The average relative humidity range 41.8% to 42.4%
from spot readings taken during November 2016.
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Energy
Carbon neutrality is achieved by virtue of the low energy input and sustainable energy technologies
installed in connection with the building. There is 49kW of solar photovoltaic panels installed at the
Pavilion. This is comprised of a 45kWp robotic solar tracker – the first of its type to be installed in
Europe – and 4kWp of wall mounted panels. The energy from these panels is first used in the
Pavilion. Excess energy generated is transmitted to the 40kVa energy storage system and to the
adjacent Technology and Skills Centre building. When the output from the solar PV system is lower
than the energy demand for the Pavilion (e.g. at night and on cold dull days) energy is drawn from
the energy storage system or grid if no storage is available. Because the energy use in the building is
so low, more often than not, grid energy is not required. The building can also be considered to be
carbon neutral because the annual power output of the solar panels easily exceeds the annual
energy demand of the building.
Primary energy use is calculated at 66 kWh / (m2a) which is 30030 kWh per annum. The generation
data for the robotic solar PV system and the static system the CREST pavilion in year one was 33281
kWh per annum which left 3251 kWh surplus based on the designed simulation. Year 2 to date has a
generation figure of 29955 kWh. So it is also on course to generate a surplus.

Solar Generation at CREST 2015
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Figure 8: CREST Pavilion Total Solar Generation Data for 2015

Solar Generation at CREST 2016
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Figure 9: CREST Pavilion Total Solar Generation Data for 2016 to date.
Energy use for lighting is much lower than expected. The PHPP did not have the automatic controls
for motion and lux reading entered which seems to be the likely reason these controls deliver energy
savings.
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Conclusion
Preliminary results of monitoring data indicated the building is performing better than the design
targets. To quantify this the design space heating requirement is 5,141 kWh per annum. Assuming 1
kWh = £0.14p, then the annual cost of heating the building excluding standard charges should be in
the region of £719.74 for a building with a floor area of 455m2. This compares very favourably with
the SWC estate average of 103kWh per m2, which for a building of the same size would imply annual
space heating costs of approximately £7,500.
This paper that focused on the CREST pavilion adds to the growing body of evidence that the passive
house standard does not produce a significant performance gap. The PHPP provides a robust design
tool for accurate design and prediction of energy performance in the UK. This project also provides
evidence of a superior internal environment over minimum standard building regulations. The
research also demonstrates that the passive house standard is an excellent vehicle for achieving zero
carbon with the combination of excellent building fabric with solar photovoltaic renewable energy
and battery energy storage.
The research for this paper has uncovered some gaps in data collection and this will be addressed
going forward with the PhD research. More focused data including the recorded IAQ and
Temperature profiling will be available for the conference presentation but was not ready in time for
this paper at the time of writing. The monitoring will continue with PhD research for the foreseeable
future.
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