C

ork Institute of Technology
has been in the design and planning phase of an ambitious low
energy retroÞt project for the past
year in its 1974 building stock on
the main campus in Bishopstown.

This project has attracted signiÞcant funding from the Department
of Education and Skills and will
house the Centre for Advanced
Manufacturing and Management
Systems (CAMMS) and the Medical Engineering Design and Innovation Centre (MEDIC), both
Centres with signiÞcant external
interactions.

ĞƐŝŐŶ^ŽůƵƚŝŽŶ
Design Solution
ͻ

KǀĞƌĐůĂĚĚŝŶŐƐŽůƵƚŝŽŶ

ůŽĐĂůůǇĚĞǀĞůŽƉĞĚƉƌŽĚƵĐƚƐ
•ͻOvercladding
solution

•ͻlocally
developed products
ƚŚĞƌŵĂůďƌŝĚŐŝŶŐŵŝƚŝŐĂƚŝŽŶ͕
•ͻthermal
bridging mitigation,
ǀĂƐƚůǇŝŵƉƌŽǀĞĚĂŝƌƚŝŐŚƚŶĞƐƐ
•ͻvastly
improved air tightness
ŶĂƚƵƌĂůǀĞŶƚŝůĂƚŝŽŶ
^ĐĂůĂďůĞ
•ͻnatural
ventilation
DŽĚƵůĂƌ
•ͻScalable

•ͻModular
ŶŽƐƚƌƵĐƚƵƌĂůĐŚĂŶŐĞ
•ͻno structural
change
DĂǆŝŵŝƐĞĚŵĂƚĞƌŝĂůƌĞƚĞŶƚŝŽŶ
•ͻMaximised
retention
ǆƚĞƌŶĂů material
ŐƌĂŶŝƚĞ ĂŐŐƌĞŐĂƚĞ
ƉĂŶĞů
• External
granite aggregate panel
ƌĞĚƵĐĞĚŚǇŐƌŽƐĐŽƉŝĐƚƌĂŶƐĨĞƌ
•ͻreduced
hygroscopic transfer
ŚŝŐŚůǇǀĞŶƚŝůĂƚĞĚĐĂǀŝƚǇ
•ͻhighly
ventilated cavity

•ͻreduced
summer heat transfer
ƌĞĚƵĐĞĚƐƵŵŵĞƌŚĞĂƚƚƌĂŶƐĨĞƌ
•ͻInterstitial
shading
/ŶƚĞƌƐƚŝƚŝĂůƐŚĂĚŝŶŐ

Cork Institute of Technology
(CIT) occupies 26,000m2 of an
existing two storey 1974 precast concrete structure in 4 main
blocks. This pilot project involved only 240m2 of the original building but it is a test-bed for
the redevelopment of the original
site with a view to achieving net
zero energy by 2020.
The retroÞt was developed by
the C.I.T Zero 2020 research
team and forms the Þrst stage of
an ambitious target to achieve
Net Zero Energy, whereby the
building would generate as
much energy as it uses, by 2020.
The 1974 building which served
as the project test bed featured
precast concrete walls with external envelope U-value of 2.4
W/(m2•K) and air loss of 14.77
m3/hr/m2@50Pa. The key priority on the Þrst stage of the project
was therefore to reduce this heat
loss and minimise the building’s
overall energy requirements.
As lead consultants on the project, Arup provided engineering
and project management consultancy services. Energy conservation and sensitivity to environmental issues were the primary
concerns for Arup.
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Building Energy Rating Assessment Results
• A3 is based on phase 1 of zero2020 project
• A1 very difÞcult to achieve without electrical renewable
energy / high efÞciency lighting
• Phase 2 covers renewable energy supply systems to meet
net zero site energy

1974 Asset Rating – D2
Zero2020 Rating – A3
Building
1974
zero2020

Heating

Lighting

Auxiliary

Hot Water

Total

(kWh/m2/yr)

(kWh/m2/yr)

(kWh/m2/yr)

(kWh/m2/yr)

(kWh/m2/yr)

386.83
14.25

46.43
45.47

3.24
1.91

16.4
2.51

452.57
64.14

Through the use of pioneering solutions including very good air tightness levels, air source heat pumps,
high efÞcient lighting strategies
and other initiatives such as exposed thermal mass, Arup and the
project team helped deliver energy
and resource usage rates anticipated in the 2020 regulations (rather
than the minimal compliance with
current Building Regulations).

The project is designed in a
modular fashion to provide ‘plug
and play’ capability for research
in sustainable energy and in
building energy systems. A net
zero energy building produces
as much energy as it uses in a
year. The methodology is based
on minimising consumption and
supplementing the balance with
renewable energy.

New Energy Systems:
1.Heating
The refurbished ofÞces are decoupled from the existing heating system. A new radiator system was
installed with thermostatic radiator valves (TRV’s) Þtted to each
radiator. Low temperature hot water for the radiators is provided by
an air to water heat pump mounted
on the roof.

Internal insulation

Ventilated cavity

2.Fabric
The roof now has an external insulation system resulting in a roof
U-value of 0.09 W/m2K An insulated
external cladding system mounted
onto the existing skin will provide a
wall U-value of 0.16 W/m2K.
Fenestration is replaced with a quadruple glazed system with interstitial blinds providing a U-Value of
0.89 W/m2K. The improved thermal layers will obviously reduce
heat loss in winter but will also
reduce heat gain in summer. They
will also shift the time at which
peak internal temperature in the
summer occurs to later in the evening (after occupancy).

3.Ventilation
The ofÞces are naturally ventilated and directly controlled by
the occupants. The glazing system
incorporates manually adjustable
insulated louvres to provide single
sided ventilation.

Radiant temperature asymmetry

4.Cooling
Adjustable interstitial blinds were
provided to reduce glare and incident solar radiation at low solar
altitude angles. The BMS system
controls a separate set of louvres to
allow night purging of the structure.
Cold night air is allowed into the
rooms through the louvres, thereby
lowering the temperature of the exposed thermal masses in the refurbished spaces. The glazing ratio will
be reduced from 1:1.7 (glazed:solid)
to 1:4 (glazed:solid) signiÞcantly reducing solar gain without adversely
affecting daylighting performance.

Wall section sketches
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Zero Energy RetroÞt 2020 development was the overall winner in
the Design Sustainability category
at the Institute of Designer’s (IDI)
in Ireland which recognise and reward the work of Ireland’s most
talented designers, and showcase
the leading projects from different disciplines in Ireland.
bE spoke to Marc O’Riain, Paul
O’Sullivan and Fergus Delaney,
members of the research team
from Cork Institute of Technology, and Turlough Clancy from
Henry J Lyons - Project Design
Architects.
bE: Zero2020 Energy is a Net Zero
Energy RetroÞt project at the Cork
Institute of Technology. The project
will become Ireland’s Þrst zero energy
test-bed. What is the Zero2020 testbed? What are the special requirements for Zero energy retroÞts? Why
Ÿ
Net Zero Energy?

Zero2020 is thus a fortuitous conßuence on timing, location and opportunity. The client was convinced that we
could strive to target a near zero energy building through retroÞt as a pilot scheme, informing the remaining
99% of the 1974 building. Its staged
targets are:

Marc O’Riain: The project, to our
knowledge, is the Þrst commercial
retroÞt test-bed targeting a site nZEB
performance in Ireland.

1 - Energy reductions through retroÞt
2 - Monitoring and performance
modiÞcation
3 - Installation of site renewables to
meet supplemental load

The project developed as a research
aspiration, in part spurred on by the
EPBD, a tougher building regulation
roadmap, and CITs intention to retroÞt the 1974 building. Marc O Riain has started his PhD research into
the sustainable retroÞt of RTCs when
an ARUP/Coady report was commissioned by CIT on retroÞt strategies in 2010. At the time the client
aspiration was only to meet 2008
regulation standards and this seemed
to be a lost opportunity for a real
educational tool within the campus.
Daithi Fallon the Head of Department of Mechanical, Biomedical and
Manufacturing Engineering pulled a
research together a research team to
design a test bed. This was to be a
live learning lab, where technologies
could be tested supported by a ßexible building heavily instrumented
and monitored by a BMS.
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We have completed stage 1 and we are
currently monitoring performance.
Stage 3 is expected to commence in
Summer 2014.
Fergus Delaney: “The Zero2020 project is a live test bed whose aim is to
demonstrate the feasibility of achieving net zero energy by 2020 within the
constraints of a refurbished building.
The area covered is 240m2 located at
the end of B-block. It represents approximately 1% of the ßoor area of
the existing 1974 building. The Þrst
phase of the project, refurbishment, is
now complete. It involved wrapping
the building in a new highly insulated, highly air tight envelope without
removing the existing external skin.
This process is easily scalable for the
rest of the 1974 building and could
be implemented in a phased manner

which would not require displacement
of existing personnel. The heating and
electrical systems within the Zero 2020
were isolated from the existing CIT
systems in order to allow full, independent energy metering within this area.
Phase 2 of the project, which is currently
underway, involves data collection for
approximately one year in order to establish the baseline energy consumption
within the Zero2020. No modiÞcations
or improvements will be undertaken
within this timeframe. However, PhD
research and undergraduate research is
currently active within the area.
Phase 3 of the project will involve implementing strategies to further imbed renewable and low energy into the Zero2020
area. These strategies will be dictated by
the data gathered in Phase 2. It is intended to forge industrial partnerships prior
to commencing Phase 3 which will provide the platform for signiÞcant research
capabilities within CIT.”
Paul O’Sullivan: The original name for
the retroÞt project was “Passive RetroÞt Demonstration 1974”, PRD74. The
fundamental concept hasn’t changed
much since the outset, a demonstration
project for passive, (in terms of ventilation systems generally), non-domestic retroÞt of pre building regulations
structures with the target of nearly zero
energy performance. The zero2020 test

bed is exactly this. It has 2 complimentary components, the physical retroÞt
project and the testbed functionality
based on the live monitoring of energy
systems and environmental conditions
with a high sensory resolution. It provides CIT with an opportunity to investigate actual performance of a scalable retroÞt solution that based on the
design speciÞcation has the potential to
provide a real contribution to the challenges facing the existing built environment in Ireland and abroad.

seek to minimise energy consumption
and then meet the remaining balance
with renewable energy. In a country
where our dependency on imported
fuel is nearly 100% this can only be
good news. A study of post 2008 house
BERs carried out in 2011 illustrated
the very poor level of compliance with
building regulations. Passive Houses
and nZEBs are great news for clients,
low or nil energy bills and dependable
construction due to exact detailing and
construction oversight.

Turlough Clancy: The architectural
challenges associated with designing
and specifying for a Net Zero RetroÞt
project include:
• Meeting the required high elemental
u-values through the envelope as demanded by the brief
• Balancing the scientiÞc (technical)
requirements while improving the
exterior aesthetic
• Achieving the airtightness requirements
• Eliminating risk associated with
working with an existing building
(unknowns)
• Eliminating existing cold bridges

Fergus Delaney: The important
thing to remember is that we are
looking at NEAR zero energy, not
zero energy. Space heating systems,
ventilation system and lighting systems can be designed towards near
zero energy by incorporating the
right contribution of renewable and
on-site energy into the energy supply
mix. A lot of work needs to be done
in reducing equipment power loads
in buildings though, particularly
where there is intensive IT requirements and process equipment.

bE: Plus energy building, net zero energy building, equilibrium building,
carbon neutral are terms used in media, clariÞcation and meaning of key
terms is essential for zero energy implementation. What exactly it’s all about?
What are the differences between Zero
Ÿ
Energy and other buildings?

Turlough Clancy: Zero Energy
in my view is what this project attempts to achieve and “it is a work
in progress” - All buildings should,
in my view be designed (and speciÞed) such that the energy consumption is reduced from what has been
previously been acceptable in ‘other

buildings’ and are current building
regulations reßect this aspiration
though they (and technologies) have
a bit to go yet...
bE: The European Parliament wants
to ensure that all buildings will be a
virtually zero energy and self-sufÞcient
Ÿ
from 2020. Is this achievable?
Marc O’Riain: I don’t think we
will make it. I don’t like to be critical but without retroÞt the targets are
not achievable. A report by ECOFYS Fraunhofer 2012 would back
this view up. In Ireland the take up
of the domestic retroÞt grants have
fallen through the ßoor in comparison to given the government target of
100,000 domestic retroÞts per year,
and the abolition of grants in favour of
PAYS, there is little chance of Ireland
making next or near its targets. The
government are currently counting
BER grants in its numbers as a valid
retroÞt strategy. This will not deliver
lower CO2. PAYS will be too modest
to have any signiÞcant CO2 impact
and I fear for increased mould risk in
many low impact methodologies.
Fergus Delaney: This is achievable,
but like all things, at a cost. It’s economic justiÞcation needs to be based
on full life cycle cost analysis. This
should be evaluated on a project by
project basis.

Marc O’Riain: The proliferation of
terms is indeed a hot topic at the moment. Net Zero site energy, net zero
source energy, net zero energy costs,
net zero energy emissions and the latest,
Equilibrium building are all perhaps adding more detail but also more confusion for both the designer and the client.
At the end of March 2013 the DoEleg is
due to adopt their deÞnition for the Europe’s version, the Nearly Zero energy
building. And then of course there is the
Passive house building.
I think this will Þnd legs in the public
sector Þrst where the commercial client
is also responsible for paying the bills.
nZEB or ultra-low energy buildings all
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engaged Henry J Lyons who really
helped to pull the strategy together
with manufacturers like AMS and
Wesco. Because the research team
was involved in basically double
checking everything, this increased
communication and helped the overall
team meet the targets.
The unique part of the Zero2020
story was the interdisciplinary nature
of the designers. As an Architect you
need to be more of an engineer; and
as an engineer you need to be more
of an architect. Both of you need to
simulate, simulate, simulate, because
site solutions are too late.

Paul O’Sullivan: Currently they want
to ensure all new buildings constructed
from 2020 onwards are nZEB. However the guidance on existing buildings
is still somewhat undeÞned and needs
further work. The CIT zero2020 project
is speciÞcally focused on retroÞt though
some principles can be applied to new
build design. It is much more difÞcult
to legislate for existing owners to refurbish buildings to nZEB performance by
2020. There are big challenges ahead.
bE: Many standards have been developed for the certiÞcation of sustainable
buildings. In Europe alone, there are
already many different labels, including
BREEAM, Passive House, and more are
coming out all the time. What principles
did you follow on the CIT project? Ÿ
Marc O’Riain: The passive House
principals deÞnitely inßuenced the
design direction but we deÞnitely
tried to reßect a more user centred approach in the design (including natural ventilation over MVHR). We have
a LEED Silver (desktop study only)
but it didn’t really drive the design.
Fergus Delaney: To be honest, we did
not consider certiÞcation of the end
product during the design process. The
objective was to develop a low energy
environment which could be used to
forge research collaboration between
CIT and industry into technology and
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processes that could ultimately drive
the test-bed to near zero energy. We
simply targeted those design parameters which heavily inßuenced thermal
performance and energy use and set
very stringent targets for them.
Turlough Clancy: Adopting a particular standard was not relevant to the
project as many standards relate to new
buildings and consider areas which
were outside the design teams control
such as transport, water, ecology, waste
et al. Also the retro Þt project was limited only to a small percentage of the
building. As such the design team
worked towards achieving speciÞc elemental targets rather than working towards holistic environmental standards.
bE: The Zero Energy approach offers access to a broad-based interdisciplinary network-this leads to new
holistic designs methodology, that requires careful planning and concerted
effort among the architects, mechanical and electrical engineers and other
team members. Could you tell us more
about the design process and team
Ÿ
collaboration on the project?
Marc O’Riain: A multidisciplinary
research team initialled a design
concept and this was developed with
ARUP. Kingspan were on board at
an early stage. When we had a pretty
secure strategy and elevation we

Fergus Delaney: This project had its
origins in the Department of Manufacturing, Biomedical and Facilities Engineering. The area to be refurbished
resided in this engineering department.
This department also ran the Building
Services and Building Energy Systems
course in CIT. So it was a natural decision to involve the staff (Paul O Sullivan and myself) from these courses to
take the lead in forging a low energy
brief for the refurbishment project.
We took the decision that the tender
would be directed at Building Services Design Consultants for the lead
in the design process as opposed to
appointing an Architectural Design

practice. This was to reinforce the
low energy services design priority
that we attached to this project. Paul
and I evaluated the tenders and Arups
were awarded the contract. By the
time we had the Þrst kick off meeting
with Arups, Paul and I already had
deÞnite M&E services requirements,
metering and monitoring requirements and Marc had developed key
conceptual architectural designs.
An unusual feature of this project
was perhaps that the client’s (CIT)
team were experienced designers
themselves and we had speciÞc systems we wanted implemented. To
some extent this may have restricted
the ability of Arup’s design team to
come up with their own unique design since we were so heavily involved in every aspect of the decision making process.
It became clear that as we came close
to Þnalising the Þnal concept, having agreed on ventilation strategies,
heating strategies and the complex
external skin that would wrap the
old building, that this project would
succeed or fail on the Þne detailing
required to integrate the complex envelope and glazing systems that we
needed. It was agreed to appoint an
architect, HJ Lyons, to provide this
extra level of support.

Turlough Clancy: Team collaboration was everything on this project.
The traditional approach to procurement is the architect would lead
and coordinate a multi- disciplined
design team to produce a detailed
set of design drawings. These drawings would be tendered and once a
contractor was appointed further
design would typically be required
on speciÞc building elements (by
respective sub contractors) (e.g. the
glazing package, mechanical items

and electrical items). Given the requirement of the GCCC contract we
couldn’t afford the risk of undertaking further detailed design during
the contract.
It was decided that further collaboration with industry partners who
have greater expertise in the system
design and associated fabrication
detail. AMS and Kingspan were invited to the design table and offered
expertise in (glazing) proÞle design,
integrating Kinspans Benchmark
façade system with AMS Glazing
system, technical evaluations, and
testing. Having both partners at the
table during the design allowed us
to progress ideas and proposals in
detail with considerable technical
backup which allowed the design
team offer a complete detailed design package for tender.

bE: What is Architectural Concept:
What strategy should architects follow?
Could you tell us more about integrated
Ÿ
energy and material concepts?
Marc O’Riain: I’m not a fan of ‘Architectural concept’ as a means of describing Zero2020. There is the aesthetic
and functional solution and the energy
solution. In a sense there already is architecture in the context of the existing
building. Scott’s 1974 RTC was the last
from the 1967 modular design iteration

(based on Dowson’s M&M building at
the University of Birmingham 1966),
of which 9 can be found around the
country. The existing grid optimised
precast concrete building was cast mainly on site, with internal, non-structural, block walls; un insulated external
aggregate panels and single glazed aluminium windows. The energy concept
came Þrst, a snug sleeping blanket wrapper around the existing building.
Aesthetically and functionally the new
façade followed the grid to reduce internal churn. Henry J Lyons introduced
verticality to the fenestration which
offers a relief from the monotonous
horizontality that characterised the
original building. The team didn’t like
the idea of green washing the building,
too woolly hat and sandals maybe for
hard-nosed researchers? Having been
in San Francisco the summer of 2011
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I fell in love with some shiny black
buildings (the way designers do), particularly the Moscone centre in Yerba
Gardens. By luck Kingspan had a
granite panel to match the aspiration.
I liken the concept to ram chip on a
circuit board. B block was like that internally, lots of stuff going on, pretty
unassuming on the outside. As the
heart of the college I thought this was
pretty apt, intelligent and understated,
but reßecting everything around it.

coupled to high efÞciency radiators.
This option will allow us to carry out
research on research on heat pump
performance. The heating system was
also designed with “plug and play”
capability to allow us to connect in
different heat sources in the future.
Phase 3 of this project will look at integrating more renewable into the energy
mix. Allowance has already been made
in the distribution boars for metering
of additional systems such as PV.

Lighting and power is as per the existing building which actually performs quite well already following
recent rollouts of energy efÞciency
initiatives.
An air source heat pump, (ASHP), is
being used to deliver low grade heat
but this is not a realistic scalable solution for the campus given the capacity requirements. However, it was
selected to give us an opportunity
to investigate performance of ASHP

Turlough Clancy: The concept was
informed by both the brief and the
(existing) building itself. We worked within the parameters of what
the existing building offered - Strip
window opens and a very regular
grid informed the glazing and solid
elements. Also the grid informed
the structural concept as we tied the
façade matrix (frame) back to the
grid structural columns (through the
existing concrete panels which remain in place). Some design principals - Ventilation - both manual (user
controlled) and automatic ventilation (linked to BMS) are provided for
both user comfort and operation and
night cooling; Higher spec glazing is
used on north façade and glare control (blinds) are integrated into the
glazing on south and west facades.
bE: Technical & Engineering Concepts? Energy Supply? Novel demands on the power supply and the
equipment are also in focus let’s talk
about building self-sufÞcient in terms
of heat, power and energy. How is
this possible? What system have you
Ÿ
found to be most effective?
Fergus Delaney: Because the test
bed is a relatively small area (240m2)
and because we achieved such high
thermal performance on the façade
and roof, the space heating demand
was always going to be very small.
In reality a small high efÞciency gas
boiler connected to radiators would
have would have been the most cost
effective solution. However we have
a teaching remit and this test bed
had also to be used to inform our
undergraduate students. Therefor we
speciÞed an air to water heat pump
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Paul O’Sullivan: Again the project
is somewhat unique due to its size.
We had to accept that some of the
solutions for heating and ventilation
may not be as readily scalable as the
fabric upgrade works. Single sided
natural ventilation is a low impact
retroÞt solution if done right and it
seems to be working well in the new
space though we are restricted on the
maximum height difference between
high and low level openings due to
the existing structure. Therefore the
system could be further improved but
this would mean more extensive strip
back. The combination of automated
and manual openings in the envelope
has yet to be tested fully, we haven’t
implemented any night cooling to
date. This should be in place this
summer and I am actively pursuing
optimization of this strategy as part
of doctoral research.

and also because it’s electrically
powered it was convenient in terms
of installation. We are currently monitoring dynamic COP on the ASHP
and working with some of our undergraduate and post graduate students
to enhance performance. We are seeing a wide range of conditions.
bE: On a practical level, what kind of
design variables did you set for achieving the targets? How do you achieve
the targets- considering that the project
involves solutions of network partners
in the areas of Geometry, Envelope,
HVAC systems, Renewables, Advanced
Controls, daylighting, glazing, natural
Ÿ
ventilation?
Fergus Delaney: “As stated earlier
we did not set any targets on energy
performance or thermal performance.
We simply stated at tender stage the

design had to go far beyond existing
standards and provided the infrastructure to drive to near zero energy. As
a design evolved we kept pushing the
boundary to ensure the Þnal solution
was as robust as possible.
The Þnal solution involved natural
ventilation (under user control), a
night purging system (under BMS
control), air to water heat pump with
radiators, quadruple glazing with interstitial blinds, and a highly insulated, highly airtight envelope.
Paul O’Sullivan: Targets were set implicitly in the brief. We deÞned speciÞc
systems and strategies that we knew
would give us the best chance at delivering both low energy consumption
and also have good scalable potential as
non-invasive retroÞt solutions. We also
wanted the maximum potential to add
technologies to a basic solution over the
coming years as we complete feasibility studies based on baseline data. PassivHaus Enerphit standards appeared
during tender/early construction so we
tried to allow these inßuence any changes where possible. Operational optimization through continuous commissioning is a key focus for the testbed. We are
hoping to start a PhD student this coming September focusing on operational
optimization. A lot of projects succeed
on the drawings but drift from their original performance 2-3 years after initial
commissioning has been completed.

The U-value for the glazing is better
than that listed in the table as the value quoted does not take into account
the interstitial blind or the fourth pane
of glass. The structural air tightness is
now 1.76m3/hr/m2.
Paul O’Sullivan: Amongst other
things the ASHP COP is dependent on
the system supply water temperature
ambient temperatures. The manufacturer, Dimplex, quote COP as being
from 2.7 at -7°C ambient to 3.6 at 10°C
ambient. We have seen values across
the full range in our data to date.
Purpose provided ventilation openings

were designed based on summer cooling requirements. Multi zone airßow
models and dynamic thermal simulation were completed by Arup Engineers using IESVE to specify these
requirements. We have maintained acceptable indoor conditions throughout
last summer though we didn’t experience any prolonged periods of warm
weather when the building was fully
occupied at the same time.
Adventitious ventilation or air inÞltration
has been dramatically reduced, which is
a good indicator of the possibilities for
air tightness in retroÞt applications.

bE: Which techniques have you found
to be most effective? Could you detail materials and technologies that
were applied and their speciÞc performances and technical properties?
(For example what are U values for
insulation, R Values, G Values, COPs,
Ventilation standards, HVAC and ReŸ
newable standards, etc)
Fergus Delaney:
U-value (W/m2K)
Element
Wall
Roof
Glazing

Pre-retroÞt
4.079
1.156
5.7

Post-retroÞt
0.09
0.092
1.03
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bE: Measuring Performance of NetZero: Could you tell us about the tools
for measuring? What metrics are on
display? What parameters and inputs
have been used? What monitoring techniques have been implemented for performance measurements of the energy
ßows within the building area? Does
the Testbed project provide a platform
for comprehensive measurements for
assessment of the performance of a
Ÿ
net-zero energy building?
Fergus Delaney: On the BMS we incorporated energy meters on the heat
pump, circulating pump, lighting circuits, small power circuits and a heat
meter on the radiator circuit. In addition to this we have a wireless environmental monitoring system datalogging internal and external surface
temperatures, slab temperatures, temperatures of interstitial surfaces within external walls, and air temperature,
CO2 and RH in the rooms. In total we
data-log in excess of 50 parameters
every ten minutes. All this data will be
logged for a year to give us a baseline
for the Zero2020 performance before
we push on towards near zero energy.
bE: A key driver of energy use is occupant behaviour. What has been
done to account for such variability in
Ÿ
terms of simulations?
Marc O’Riain: We deÞnitely used
the old reliables; Motion sensors and
the BMS reacted to both user behaviour (opening windows) and overheating. However building regulations
throw you down the thermal path. This
results in a highly efÞcient fabric but
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user related electrical plug loads and
vampire loads become a larger piece of
the pie in a low energy building. This is
part of a current study. In simulations
ARUP took account of user occupancy
and appliance heat load in IES modelling. I believe that intuitive user modiÞcation strategies will become more
important as we become proÞcient at
delivering low energy building retroÞt.
Fergus Delaney: All users of the area
have been instructed in the efÞcient
use of all systems in the area. They are
aware of the end objective of near zero
energy. Since we are just entering the
data gathering phase of this project a
process of feedback, reinforcement and
evaluation will have to be implemented.
bE: Cost effectiveness: People are typically most interested in net zero energy cost buildings, veriÞable with utility
bills, as we also care about our wallet.
Is this type of retroÞt more costly than
those of a conventional building? Is it
market-viable, and what are the ecoŸ
nomic beneÞts?
Marc O’Riain: On a desktop study,
we have found the Zero2020 solution
(with monitoring elements removed
and based on 10c/Kwh supply) to
have operational costs 50% less than a
Part L 2008 retroÞt and 20% of existing. The cost differential between Part
L and Zero2020 is 9 years in terms of
operational energy savings.
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bE: Lessons learned? Where do you
see further improvements in the future?
Ÿ
What are the next steps?
Marc O’Riain: Better interdisciplinary communications are needed on
the design team. The industry needs
to upskill in simulation.
The Zero2020 solution is highly scalable.
We need to understand how to reduce
the user plug load. It’s a massive elephant in the room when we consider
how low the thermal energy demand
becomes.
Paul O’Sullivan: Continuous commissioning will be a key component
to delivering successful low energy
buildings in operation. Due to the
very low thermal transmittance and
air permeability levels in low energy buildings like zero2020 the internal space becomes very sensitive
to small variations in the net energy
balance (internal gains, making them
potentially more uncomfortable than
their pre retroÞt counterparts.
Turlough Clancy: Existing and possible cold bridges - probably the biggest challenge particularly where the
new system is connected to the existing structure.
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