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commercial retroit over the last 6 years. The process has 
seen the realisation of the irst Net Zero Energy Building 
retroit in Ireland. This book is meant to be a simple 
fundamental guide to understanding the principle steps 
to achieving nZEB with your building retroit. This guide 
is aimed at the owner, developer, facilities manager, and 
inancier. It will also be helpful to architects, engineers, 
building designers and students. It is written and illustrated 
to explain each aspect in a straightforward manner. Any 
and all jargon is explained. The guide also contains a short 
visual history of 20th Century architecture and a case study 
on the Zero2020 project. 
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We have many commercial buildings from the 
1960s and 70s that are hard to heat, and coming 
to the end of their technical lifespan. In many 
cases we have to ask the question, should we 
knock them down and rebuild, or try to renovate 
them? We commonly make this decision without a 
great deal of analysis. 

If you own one of these buildings, or are thinking 
of renting one then this guide will help you make 
decisions, and inform you on how we can renovate 
buildings to make them net or nearly zero energy 
or even energy positive. This guide is aimed at the 
owner, developer, facilities manager, and financier. 
It will also be helpful to architects, engineers, 
building designers and students. 

EU Directives (EPBD 2010) will mean that owned 
or leased buildings will need to achieve near zero 
energy building (nZEB) performance between 2019 
and 2021. This means that public and private 
bodies who are looking to upgrade their aging  
building stock, or indeed intending  to lease a 
building need to consider nZEB!
 
The Guide looks specifically at those modern 
large concrete buildings, commonly built in the 
1960s and 70s, and indeed some in the 1980s, 
highlighting the key decisions you need to make 

to achieve NZEB through retrofit. The guide is 
written in a simple and straightforward manner 
and is meant to outline the fundamentals of the 
subject, not the scientific detail. 

The book addresses the question of cost and 
payback between rebuild and retrofit. It also 
looks to demystify the active technologies used 
to produce renewable energy and explain why 
they are not the first port of call.  The guide 
illustrates the key principles of heat conservation 
and examines electrical energy consumption in 
buildings. 

The guide is informed by a 6-year research 
project, where a case study 1970s building was 
retrofitted, analyzed and measured becoming 
Ireland’s first nZEB retrofit. The learning outcomes 
from that project are set out in this guide to help 
others navigate strategies for achieving an Net 
Zero Energy Building.

Introduction 1
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•   Explain where this type of architecture has come from and why 

is it quite common on these isles. 

•   Question why we need to make buildings low energy

•   Explain the types of buildings

•   Look at the cost of new build versus retrofit. 

•   Look at renewable technologies and strategies

•   Look at building standards and voluntary codes

•   Discuss a naturally ventilated design solution 

•   Illustrate the key decision making points in the design process

•   Examine the importance of simulation.

•   Propose standard details and strategies for modular 

construction. 

•   Look at the importance of commissioning 

•   Discuss post occupancy evaluation

This Guide does not cover all types of buildings but does discuss steel 

frame and concrete frame modular buildings. Commercial buildings act 
differently from houses, and therefore this is not a guide for low energy 
house design, although many of the principles are common. The guide 
offers rules of thumb, based on a detailed academic and practical study, 
but the guide will not be too complex, I promise! The guide won’t suit 
every building but does give the reader a sense of the types of decisions 
that need to be made and the processes. There will be warnings and 
pitfalls illustrated sign posting poor performance ahead. The guide will 
help you make informed decisions for investment for your property or 
project. 

I believe that low energy design should not be carried out to save the 

world, or please the hippies. Low energy design needs to make business 

and financial sense. There is a lack of understanding of how we build 

and financial models for low energy building performance. This research 

informing this guide has distilled valuation principles, future legislation, 

future energy cost scenarios and building technologies to deliver a 

hard-nosed set of practical guidelines. If we succeed in reducing our 

energy consumption we will save money, reduce financial risk, create 

more comfortable working environments, and lastly reduce our carbon 

footprint. 

There are key principles that you need to know, methods and 

considerations getting your building right. They are simply explained in 

the following guide. 

This guide will
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Buildings consume 40% of the energy in the EU1. Energy costs have 

been on a roller coaster ride since 1973, and fuel security has caused 

many geopolitical conflicts since at least 1990. The regional imbalance of 

oil supply leads to such instabilities, driving the price of oil dramatically 

up and down. 

The world is also suffering from a greater level of weather related 

extremes, linked to global warming. The emissions that related to 

material extraction, transport, building construction, operation and 

demolition are contributing to this warming. Ireland has committed 

to strengthening our regulations from retrofit, which we expect to see 

in 2017. New buildings are already A rated as a minimum, so smart 

building owners need to be ready because your building performance is 

going to affect the rental and sales potential of your property!

Energy retrofit is harder than new build. Why? We have a lot of different 

types of buildings from different era’s; Georgian, Victorian, Art Deco, 

Early state, Post-War, 60s-70s modern, post-modern and contemporary. 

These are built differently with different materials, different structures and 

different potentials. The existing building, unlike in new builds,  cannot 

be turned towards the sun, to maximize the benefit of solar energy. A 

poor retrofit strategy can become a disaster, causing damp, mould, health 

and physical rot. This guide will explains about the different building 

types, focusing on the 60s-70s modern typology, as they are at the end 

of their financial lifespan, and are to be found in significant quantities 

around the country and indeed internationally. 

The guide will set out the principles of low energy commercial building 

retrofit, based on two strategy steps:

1.   Minimizing energy consumption through Energy conservation 

(Passive)

2.   Meeting remaining energy demand with renewable energy (Active)

The guide will give you some background to the problem set, define 

the types of buildings, shows you some generic fabric solutions, 

illustrates both the passive and active strategies, and highlights potential 

problems. 

This will be done using a lot of visuals to demonstrate the good and 

bad solutions, based on scientific research and a built environment 

experience. The guide also offers a timeline of buildings that define a 

particular typology or period. This will help you to identify your building 

type and period. 

Planning guide to retrofit

1    European Commission, 2010. Directive 2010/31/EU of the 
European Parliament. 





Cost 2
Buildings have traditionally been constructed 
with a focus on the capital cost without 
concern for the cost of running them. Most  
construction projects are focused on the most 
economical building construction price that 
meets the minimum levels of the building 
regulations. The result of this, of course, can 

be high operational or running costs that may 
be punitive to the occupier. This is the capital 
cost/operational cost divide. This reduces 
the potential capital/lease value and energy 
efficiency of the building.
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A new or existing building has a physical and financial lifespan. As 

building ages it depreciates in financial value, its materials age and 

eventually fail. The envelope, roof and walls will leak and the building 

will approach its refurbishment or replacement point after 40 years. 

40-year-old buildings built in the 1970s are all pre regulation; often 

without insulation, and many commercial buildings may be concrete with 

single glazed windows. Therefore their operational energy cost is very 

high, and their building fabric is failing. It is highly likely that it may be 

impossible to achieve a comfortable interior because of high heat loss in 

winter and high heat gain in summer.  

Investing in retrofit must make financial sense to the developer/

client. Therefore the first thing we look at are the minimum standards 

of building regulations. Unfortunately in Ireland the 2008 minimum 

regulations for retrofit are very poor, the same as draft building standards 

in 1976. Therefore retrofitting to this standard would result in high 

energy costs. 
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Metaphorically speaking, your decision will be like buying a car. Buy 

a cheap old car with a large engine and emissions, your fuel bills and 

tax bills will be high, the car may break down more frequently, and it will 

be worthless in a few years, so as a long term investment, it makes no 

sense. Spend more money on a newer hybrid electric car, and the capital 

investment will be higher, but the fuel cost will be very low, the tax is nil, 

and maintenance cost lower. You have insulated yourself against rising 

fuel pump costs, and the resale value is higher. The financial running 

cost savings will and the greater utility adds value over the lifespan of 

the vehicle. A low energy building investment is a similar investment 

scenario. 

The Energy Performance in Buildings Directive 2010 requires all public 

buildings owned and rented to be nZEB performance by Jan 1st 2019 

and all non-public buildings by 2021. If you are future proofing your 

investment against risk, and operational costs are important, you need to 

consider cost optimal nZEB now. 

Cost optimal nZEB is being used by the government to change the 

building regulations in 2017 and it has a number of factors it considers 

in it calculation; the capital cost of a passive or active strategies, how 

much the item will depreciate in financial value, its lifespan, the future 

cost of fuel, inflation and climate impacts. Each country has a different 

result because they have different climates. The UK and Ireland have 

broadly similar climactic conditions and building regulations. 
X old car
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In the past architects have struggled to convince clients why they 

should invest in higher cost elements such as low energy lighting, 

additional insulation, more efficient windows or heating systems. I used 

to think this is because they didn’t care about the environment. Well 

that’s not true, its because the Designers were not making the financial 

argument justifying the reason for the additional capital spend. 

We need to become better at addressing the financial impact of design 

proposals on capital and operation cost and building value. If you invest 

in a particular strategy, lets say insulation, the thickness of the insulation 

has a specific capital cost. The more we insulate the less heat we lose 

through the building fabric, the more we save each year. However at 

some point of thickness the financial cost of the investment and the 

cost of energy saved starts to meet. This is known as the cost optimal 

point. The National building regulations will set minimum standards for 

building elements including the macroeconomic cost of energy related 

emissions to the environment.
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The EU Directive 244/2012 uses a physical lifespan of 40 years and a 

financial lifespan for cost optimal calculations of 

20 years (private building) / 30 years (public building)     

for calculating the cost optimal point. The retrofitted building will of 

course have a residual financial value after 20 years which is discounted 

from the initial capital investment.

The proposed UK (2013) Cost optimal retrofit performances are:

The proposed Irish (2013) Cost optimal retrofit performances option B is:

U=0.21  W/m²K (fully filled cavity) 

U=0.2   W/m²K 

U=0.2   W/m²K

U=1.4  W/m²K

5  m2/m3/hr@50pa

ASHP  Air Source Heat Pump

65   lumens/Watt

95

20%

Cavity walls was

Pitched roofs/metal roofs

Floors

Windows

Air Tightness

Heating Source

Lighting

Primary energy

PV

U=0.30  W/m²K (fully filled cavity) 

U=0.25   W/m²K 

U=0.25   W/m²K

U=1.8  W/m²K

7  m2/m3/hr@50pa

ASHP  Air Source Heat Pump

55   lumens/Watt

89

20%

Cavity walls was

Pitched roofs/metal roofs

Floors

Windows

Air Tightness

Heating Source

Lighting

Primary energy

PV

Table 01

Note the Irish Regulations could  be diluted to a lower standard with no elemental fabric improvements ,
 however from discussions with the Department this seems unlikely





Retrofitting buildings means dealing with different 
kinds of constructions from different periods of 
time. Generally speaking, old stone cottages are 
a particular type of building, a unique typology. 
They are generally single story buildings with 
small openable windows, an open fire, thick 
masonry walls and most will have had their 
thatches replaced with a slate or corrugated metal 
roof.  Eaves are ventilated with an un-insulated 
attic, un-insulated floor with little in the way of 
foundations and they can date to the early 1900s 
and back. 

They are compact, long and rectangular, some with 
small lean-to extensions. 

This is a common ‘typology’ because a 
retrofit solution would have to work with the 
specific physics and fabric of the building. An 
inappropriate retrofit solution, like an insulated 
floor with damp proof membrane and internal 
foam insulated walls and plaster airtightness 
layer, would result in rising damp and interstitial 
condensation. This will damage the building and 
impact on occupant health, making the internal 
conditions intolerable. This old cottage breathes 
through its walls, openings and chimney. If we 
seal it, through the use of non-breathable internal 
insulation, DPM  and air tightness, the moisture 

can be trapped inside, driving moisture into the 
walls, causing condensation and mould both 
inside the building and in the walls. The skirting 
boards and sills disintegrate, as the mould attacks 
cellulose first and black mound forms behind 
wardrobes and other poorly ventilated locations. 

The walls will no longer cool the build in summer 
and absorb the heat of the day to release it at 
night. Typology specific retrofit solutions have 
been developed to work with the buildings 
physics, reducing risk of catastrophic failures and 
harnessing the features of the building.

Typologies 3
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#18

TALL BUILDING SHORT BUILDING

This first guide is focused on commercial buildings, rather than residential houses. Therefore we will explore the transition from steel framed to 

concrete framed typologies, over the last 100 years, focusing on a 40 year old concrete typology to demonstrate some best practice in low energy 

retrofit solutions. 
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#19

1968 - COUNTY HALL
CORK, IRELAND

1967 - RTC BUILDING
CORK, IRELAND



The History of Typologies
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Technology, innovation, society and the economy 
impact the architectural form. We can see the use 
of the technical component of brick in Palladian 
facades of the 1700s, rendered in plaster an 
economical alternative to cut stone. Thus the 
traditional architectural construction of stone 
shifted to man made materials like brick and later 
concrete.  Georgian, Victorian and subsequently 
to Edwardian architectural movements embodied 
design characteristics of earlier movements back 
to classical antiquity, such as good orientation, 
room scale, light, mass and ventilation. 

Architecture was, in a sense, built upon a body 
of knowledge. In the Ten Books of Architecture, 
Marcus Vitruvius Pollio outlined the qualities of 
good architecture being solid, useful and beautiful 
(firmitas, utilitas, venustas). Later this was 
referenced and updated in Palladio’s four books of 
Architecture. Palladio did not only set grammatical 
design rules but also construction technology 
rules. 

As Ireland moved into a new era of revolution and 
independence, architecture would seem to have 
followed a concurrent path. 

The advent of the Art Nouveau movement had 
seen movement of decorative embellishment 
of architecture. To counterpoint this around 
1900, some saw the beauty in the industrial and 
the mundane. This alternative viewpoint was 
inspired by the large concrete grain silos and 
steel frame industrial buildings, where were 
ugly in their simplicity. This was the opposite 
to bourgeois architecture, reflecting the mood 
of the time, when the rights of the worker  was 
on the rise. The beginning, of what we might 
call, modernism or the International style broke 
radically from Vitruvius and Palladio, rejecting 
2 centuries of knowledge, making its own new 
path. Unfortunately the baby was also thrown out 
with the bath water. Modernism moved away from 
traditional construction and design and toward the 
technical. Industrial solutions of steel, glass and 
concrete lost much of the embodied environmental 
knowledge of the past two centuries.

Timeline
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Timeline
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This thirteen-bay seven-storey former 

fermenting house was built in 1905. It is the 

earliest steel framed multi-storey building 

in Britain and Ireland.  The granite plinth 

and brick façade act as cladding, rather 

than structure. The interior steel is not cast 

into concrete but exposed in the cavernous 

interior. Its renovation in 1998, by RKD and 

ARUP, is a triumph and now has over 1 

million visitors a year. 

1904 The Market Street Storehouse
Arthur Hignett Architect

Dublin, Ireland
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Large expanses of glass and geometrical 

flat roofed buildings began to develop 

at the turn of the 20th Century, in the 

context of social justice. Early exemplars 

of an ideological and technical shift in 

Architecture, came with commercial 

German buildings like the AEG Turbine 

Factory (1910) by Peter Behrens, setting 

out a geometrical language of glass and 

steel. The building referenced a temple, 

but clearly used a rational industrial frame 

and technical building facade. Here the 

metal structure is exposed on the outside 

with rhythmical gridded  recessed window, 

and thin concrete panels hung off the steel 

frame. The tall temple like space would 

allow warm air to rise in the void, but there 

is little consideration for heat loss or heat 

gain. 

1910 AEG
Peter Behrens Architect

 Berlin, Germany
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Behrens understudies, Meyer and 

Gropius, would further develop this concept 

of to create a more formal language, in 

the design of the Fagus Factory of 1913. 

Its glass envelope, flat roof, concealed 

structure and expressed grid was flat 

and without relief.  You can see the grid 

relationship between the 2 buildings in 

the large expansive modulated glazing. As 

after-thoughts workers placed boxes in front 

of windows and retrofitted awnings to try to 

shade them from the summer sun. 

1913 Fagus Werks
Walter Gropius & Adolf Meyer Architects

Leine, Germany
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The Fordson tractor plant (1917- 1919), 

is one of the first reinforced-concrete 

vehicle assembly plants in the world. The 

American architect Albert Kahn, who had 

designed all of Fords Factories, designed 

the building with Henry Ford.  The building 

had a similar repetitive modulation and 

large expanses of fenestration to the AEG 

Turbine factory and Fagus Werks. Again 

heat would disappear quickly but the worker 

here were engage in manual activity. 

1919 Ford Factory
Albert Kahn Architects & Henry Ford

Cork, Ireland
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Gropius’ Dessau Bauhaus was 

constructed of a reinforced concrete frame 

in a grid structure with non-load bearing 

walls. The heating wasn’t capable of dealing 

with the winter heat losses. A lack of 

shading and a high degree of glazing also 

resulted in summer overheating. The walls 

were un-insulated and the roofs leaked, but 

an architectural masterpiece none the less. 

1925 Bauhaus
Walter Gropius Architect

Dessau, Germany
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The Isokon lawn road flats, which were 

designed by Wells Coates for the Pritchard 

family in 1934, are said to be the London’s 

first, and perhaps finest flats.  It was the 

first reinforced concrete building in the 

UK, and its clean art deco lines took their 

inspiration from the elegance of shipping 

liners, which were at the height of their 

fashion. The building is perhaps most 

important as a centre point for the pre-war 

architectural, environmental and political 

debate and its post war spies and authors. 

Architectural luminaries like Gropius, 

Breuer and Maholy-Nagy who lived there, 

discussing architecture, environmentalism 

and politics with the likes of Corbusier, 

Lubetkin and Arup. 

1934 Isokon Lawn Road Flats
 Wells Coates Architects

 London, UK.
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Highpoint 1 is perhaps one of the finest 

modernist high-rise apartments in London, 

built in 1935. It is a double cruciform 

footprint over 8 storey’s and 64 flats are 

built from poured in-situe concrete. Drying 

balconies project out, providing shading 

for the apartments below. The development 

features ceiling mounted hot water radiant 

panels, built-in refrigerators and a central 

basement condenser. This is a relatively 

forward thinking building, in terms of 

energy and environmental design thinking. 

1935 Highpoint 1 
Berthold Lubetkin & Ove Arup Architects

London, England.



4 Timeline

#31

Mies van der Rohe’s final design in 

Germany has become a precedent for many 

low-rise grid buildings. Its concrete frame 

and in fill glazing, over 3 floors, showed 

some consideration for heat gain with an 

overhanging canopy on the third floor. Its 

perimeter in fill glazing and flat roof do little 

to protect from internal overheating through 

radiant conduction and solar radiation.

1935 Verseidag Factory
Mies van der Rohe Architect

Krefeld, Germany.
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In 1936 Walter Gropius and Maxwell 

Fry departed from collegiate gothic, in 

the design of Impington Village College.  

Their design “established standards for 

room size, light, ventilation, sanitation, 

heating and access to water, as well as 

proximity to the workplace, grocery stores 

and childcare” (Anker 2010). The large 

expanses of single glazed steel-framed 

windows make its thermal performance 

poor, in a contemporary context, but the 

approach to steel frame construction 

would inform post war ‘finger planning’ for 

schools. 

1939 Impington College
Walter Gropius & Fry Architects 

Cambridgeshire England.
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Mies van Der Rohe, Joseph Albers, 

Walter Gropius, László Moholy-Nagy all 

moved to the United States before the war. 

Mies’s work on the IIT campus, in Chicago, 

where Wishnick Hall was realised in 1946, 

would greatly influence both the Smithson’s 

Hunstanton in the UK (1954) and the RTC 

buildings in Ireland (1967-74). The flat 

façade has an expressed modular grid and 

materiality with textured cream brick and 

glazed in fill panels. This refined expression 

of the grid would be the high point of 

functionalism, however its lack of relief and 

large glazed sections did little to avoid heat 

gain and heat loss. 

1946 Wishnick Hall
Mies van der Rohe Architect 

IIT Chicago, USA.
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The Promontory Apartments, Mies’s first 

high rise apartments, featured an expressed 

structural skeleton, with low brick spandrel 

walls between a concrete expressed frame. 

The expressed structure was a development 

of the IIT buildings and would go onto 

inform the aesthetic of precast concrete 

high rise buildings across Ireland in the late 

60s and early 70s. Its is relatively easy to 

link this high rise to the Ballymun flats in 

Dublin in 1966. 

1949 The Promontory Apartments
Mies van der Rohe Architect

Chicago, USA.
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The Smithson’s new Brutalism aesthetic 

exposed the true structural frame, 

mimicking the detail of Wishnick Hall at 

IIT, where some of the ‘exposed’ structure 

was in fact cladding. Hunstanton, however 

was raw and brutal, the construction was 

expressed with each exposed weld, bolt and 

pipe. It suffers from water ingress, the lack 

of expansion joints and cracking windows 

in expanding metal frames. This building’s 

principal problem: that it is freezing in 

winter and too hot in summer. Hailed as 

an architectural triumph, it would go on 

to inspire British architecture for half a 

century. Its conception, however, may be an 

environmental travesty for its occupants. 

1954 Hunstanton School
Smithson’s Architects 

Norfolk, England
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By 1963 Arup Associates, a collaborative 

multidisciplinary practice was formed on the 

principles of ‘Total Architecture’. Their first 

project, the Mining and Metallurgy Building 

at the University of Birmingham (1963-65) 

was designed by Architect Philip Dowson, 

with particular attention to adaptability and 

servicing. The Project was designed around 

interlinked pavilions, as ‘space defining’,  

rather than ‘object’. Each pavilion was based 

structurally on a tartan grid with extensive 

prefabrication of concrete elements. Dowson 

consciously used concrete to moderate the 

internal thermal environment to shift the 

diurnal cycle of heating and cooling.  Rising 

service shafts act as stack ventilation and an 

early double skin tinted glazing is used to 

moderate heat gain. The building was used as 

a template for the Irish RTCs in 1967.

1965 Mining & Metallurgy Building
Phillip Dowson Architect

 Birmingham, UK.
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The notorious Ballymun flats were 

constructed to address a growing 

population need in Dublin in the 1960s, 

but would later be demolished at the turn 

of the century because of social problems. 

The 7 precast concrete, 15 storey towers, 

53 in number, in 8 block clusters and 37 

number, 4 storey towers used the French 

Balency prefabricated construction system. 

The pre-cast system had only 33 moulds. 

Walls were a sandwich layer of concrete 

and polystyrene. The system included 

a functional block which contains the 

plumbing, water supply, gas pipe work 

vertical heating mains and the mechanical 

ventilation duct. The second block was 

the floor slab containing the heating 

coils and the electric wiring. It was a very 

modular system heated by a district heating 

system which could not be adjusted at an 

apartment level. 

1966 Ballymun Flats 
Brendan O Reilly & Arthur Swift and Partners 

Dublin, Ireland.



4 Timeline

#38

The original design dates from 1967 and 

the buildings were realised from 1969-1974 

at 8 regional locations around Ireland. The 

structure is based on the M&M building in 

Birmingham University by Arup Associates.

Unlike the Verseidag Factory and 

Wishnick Hall by Mies van der Rohe its 

concrete grid was concealed behind precast 

concrete un-insulated aggregate panels. 

Gone is the refined composition and grid 

geometry of the precedents. The final 

design lacked relief and material quality. 

The building suffers from too high a glazing 

factor, freezing in winter and boiling in 

summer. The facade, inspired by Piet 

Mondrian’s ’Neo-Plastic Architecture’, is 

dysfunctional, but the internal structure is 

highly valuable and functional if retrofitted. 

1967-74 RTC Buildings
Building Design Associates 

Cork, Ireland.
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When completed in 1968, the design was 

a single, elegantly proportioned, vertical 

block with a textured surface of precast 

concrete tracery, which eliminated the need 

for scaffolding during construction. This 

high-rise solution was a striking architectural 

concept, which had not been attempted 

previously in Ireland. The retrofit in 2006 

resulted in a louvered glass cladding 

replacing the original concrete tracery; an 

extra storey was added to the tower, and a 

six-storey extension at ground level. Both 

the original design and the renovation are 

both of high quality, compared to some of 

the contemporary precast buildings. The new 

double skin façade and automated windows 

act as shading and as a natural ventilation 

strategy.

1968 County Hall
Patrick McSweeney Architect

Cork, Ireland
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Fau Usp is an Architecture college in Sao 

Paulo. It is another example of Brutalist 

Architecture, arranged over 8 floors. The 

pavilion type building lands itself on the 

vacant site, now surrounded by trees. 

Taking inspiration from Corbusier’s ‘beton 

brut’, the external concrete block façade 

echoes the formwork, floating over the 

recessed ribbon glazed accommodations. 

The only light to the block’s open plan 

architectural studios is from plastic roof 

lights above. The open ground floor, roof 

lights and massive block of concrete 

create unbearable interior environmental 

conditions, which are over 30°C on cloudy 

days. The Brutalism of the building is 

continued to its habitation.... Potentially a 

lesson to its students!

1969 FAU USP
Vila Nova Artigas & Carlos Cascaldi Architects

São Paulo, Brazil.
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Perhaps Ireland’s most hated building; the 

Civic offices landed themselves right on top 

of the city’s 10th Century Viking settlement, 

in monolithic exposed deep plan concrete 

blocks. Only 2 of the planned 4 blocks were 

built and the other 2 abandoned due to 

environmental objections. The reinforced 

concrete office blocks appear like nuclear 

bunkers divorced from their context. These 

buildings have a high potential thermal 

mass, and would suit external cladding. The 

existing design represents a low point in 

Brutalist Architecture. 

1976 Dublin Civic Offices
Sam Stephenson Architect

Dublin, Ireland
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If Brutalism were to have a hero, this 

would be it. The floors are suspended 

from the twin concrete core, and each one 

hoisted into position. The overhangs of the 

floors afford a good deal of shading to the 

strip glazing. The steel braces would seem 

to embrace the expression of functionalism. 

If you are to critique the building it would 

be for the closed railings installed in the 

90s which destroy the public plaza. It 

resulted in an ethos that separated those 

responsible for the people’s money from the 

people. 

1980 Central Bank of Ireland
Sam Stephenson Architect

Dublin, Ireland
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The Spectrum Building would seem to 

relate in some way to the Central Bank, in 

that its mechanization was equally, if not 

more innovative. The modular steel framed 

mounted on concrete foundations, creates 

a highly flexible interior much like the 

Pompidou Centre (1979). Elevations were 

glazed for the showroom and canteen, and 

north roof lights provided lighting to the 

warehouse floors. Catwalks act as shading 

devices to the canteen. The building is 

suspended from articulated columns or 

masts, which divide the building into 42 

modules (24m square). The interior high 

roof and southern canopy prevent the 

interior from overheating. Spectrum is a 

masterpiece of high-tech architecture. 

1982 Spectrum Building
Foster Partnership & ARUP Architects

Swindon, England
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As if architecture had not moved on 

from the 1940s, this mid 80s building in 

Dublin demonstrates some influences of 

the oil crisis. Gone were the proposed deep 

floor plans, that required air conditioning, 

replaced with shallow floor plates and 

granite cladding. Again the plastic surface 

the lack of relief did little to mitigate 

overheating.

1984 Wilton Place
Tyndall Hogan Hurley Architect

Dublin, Ireland
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The early nineties would see the 

confluence of postmodernism and a return 

to classical modernism.  The Harcourt 

Centre’s mixture of brick and glazed façade 

had little to do with its context, perhaps 

aspiring to mimic the financial districts 

of London. Its red brick cladding and 

modulated glazing pays reference to some 

of the modernist precedents, offering a 

small degree of shading to the summer sun. 

The 5-storey block dominates the former 

Victorian street, illustrating the poor level 

of design and planning in the early 1990s 

in Dublin. Architecture in Ireland, at that 

time, was not embracing the environmental 

planning, to be seen in Fosters buildings in 

the UK.

1991 Harcourt Centre
Burke - Kennedy Doyle Architects

Dublin, Ireland
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The CREATE research building at Cork IT 

was designed and constructed in 2013, by 

RKD Architects to meet building regulations 

2008 standards. It is a similar scale to its 

neighbouring RTC building, with better 

shading solutions to the south, less 

glazing, and a quality external facade finish. 

This building represents a typical education 

construction for that period (2013) at a cost 

of �2400/m2.

2013 CIT CREATE Building
RKD Architects

Cork, Ireland
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The Zero 2020 project is a pilot retrofit 

of the 1974 RTC building at Cork IT. The 

project sought to achieve a Net Zero energy 

building performance through retrofit.  

This is achieved with a new external 

cladding (super-insulation) good air 

tightness (1.76), reduced glazing ratio 

(25%), an Air Source Heat Pump, low 

temperature radiators and the use of 

exposed internal structure to act as 

thermal mass, cooling the building in 

summer. It was the first measured nZEB 

retrofit building in Ireland in 2013. All 

public buildings must achieve this level of 

performance by Jan 1st 2019 and all non 

public buildings by 2021. Zero2020 is a 

demonstrator project that shows how this 

is achieved at a 20% lower cost than new 

build.

EXISTING BUILDING RETROFIT CIT ZERO2020
Marc Ó’Riain Architect

 Cork, Ireland





Weather and climate directly influence low energy 
building design. Wind, sun, rain, hail and snow 
can impact the building performance. Over-heating 
in buildings, broken solar evacuated tubes and 
excessive fabric heat loss can all be directly 
attributed to extremes in local weather conditions.

If your building were in Finland or Spain the 
design solution would probably be different, 

because they have a different climate to Ireland. 
Ireland is lucky to have a moderate climate, for the 
most part, without the extremes in temperatures 
associated with a Scandinavian winters, or a 
Spanish summers, making it very suitable to low 
energy retrofit.  

Environment 5
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As an Island on the west of Europe, Ireland’s 

weather is dominated by the Atlantic Gulf Stream 

resulting in a temperate maritime climate, which 

moderates the climate from temperature extremes. 

A southwest wind direction brings precipitation 

and rain from the Atlantic, with much less 

frequent winter northern winds, which can bring a 

contrasting cold airflow from the Arctic. 

The west coast is more exposed, with higher 

mean wind speeds and rainfall, than the east. 

Coastal areas are cooler in the summer and warmer 

in the winter, than inland locations, as the sea 

moderates temperatures. Ambient temperatures in 

Cork and Kerry average 2-3 degrees warmer than 

Dublin, Clones and Birr between October- March. 

This can seriously impact design solutions and  

heating/cooling loads. 

Extremes in Irish temperatures have been 

recorded from -6°C to -15°C from November to 

March and maximum temperatures of 28°C - 33°C 

May-September. 

Ambient Temperature

Coastal influences in Ireland maintain a warm airflow and mild ambient temperatures, even in the depths of winter. Elevation has quite an impact, 
with every 100m rise in elevation dropping a degree in temperature. 
Limited access to solar radiation on the North side of a hill or obstruction can reduce ground and ambient temperatures considerably.

Morehead, J., 2010. SEE THE LIGHT – 2010 of passive and low energy projects. In See the light Conference,. Dublin.

Month

Local climate
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The higher the elevation the lower the 

temperatures you can expect, and therefore the 

higher the space heat demand in winter. 

Buildings on the easterly/northerly sides of 

hills may be in the same regional climate, but 

are adversely affected by low solar incidence 

and therefore higher heat losses and less 

potential passive solar gains, so beware of 

your location when designing! (Figure 02).

The potential for passive solar heat gain is greater in the south/ south east

Figure 02
The impact of building location and microclimates on energy conservation. 
The south side of the hill benefits (in winter) from good solar incident, whilst the leeward side of the hill suffers from 
Shading and a higher level of precipitation. 

Heat gain 

Heat loss

Microclimate

Figure 01

Low emissivity glass can reflect back some of the suns thermal energy. This is 
Important for commercial buildings, due to a greater amount of internal heat gains from equipment 
and people. 
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Passive House is a method used to achieve 

a very low building energy performance. In 

Passive House residential design you are 

looking to optimise solar heat gain from the 

crisp low winter sun, designing shading devices 

to prevent over heating from the high summer 

sun. In commercial retrofit, the orientation of 

the building is fixed so understanding the sun 

path and relating it to your existing windows is 

a critical consideration. 

In commercial buildings passive heating 

plays a role in winter, but avoiding overheating 

in summer is more important. Awareness of the 

solar radiation will help you adjust the amount 

of solar radiation penetrating through the 

windows. We can use windows with different 

shading or reflectance levels (called G-Factors) 

to effectively reduce solar radiation penetration 

through the glazing on the south/west faces. 

The sun can be harnessed to drive ventilation 

using solar chimneys or stacks perhaps in your 

vertical service risers. Vents can be oriented 

away from the driving wind. 

Figure 04

Automatic top opening door to allow 
air circulation internally.

Figure 03

The sun rises in the east, to different 
heights in the sky 
depending on the time of year. 
Low winter sun can be used to warm 
your building passively. Your building 
needs to be 
protected from high summer sun to 
avoid overheating.

Figure 05

Facade ventilation doors can be  automated top open, to allow air circulation when needed
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OPTION 3OPTION 2OPTION 1

Figure 07

Roof mounted stack ventilators can be used in conjunction with external wall vents, and internal fanlight vents to promote cross ventilation. 

Figure 06

Solar or wind assisted stacks can be 
used to create a cross ventilation in 
summer when the external air is very 
still. This can help thermal comfort 
through better air movement. 
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Figure 08
Light penetration devices and rules of thumb. A light shelf will help day-lighting penetration into the room especially where rooms a 7.2m deep and greater.

Figure 09

Shading can also be employed using deciduous trees. South westerly winds will also cause a flanking heat loss, drawing heat from the building therefore trees as a buffer can help greatly from sun and wind.

Summer Winter
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Figure 10

Wind buffering by trees.

Figure 11

Landscape wind buffering.

Figure 12

Wind shear heat loss.

Figure 13

Distance wind buffer calculation rule.

Exemplar 
Hyderabad, India. Ventilation stacks catch cool wind from the mountains in the afternoon, to cool down the house in the summer. 
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Avoid toys for boys
A lot of people go for large active technologies, 

which have a lifetime of  20 years, failing to 

consider both maintenance costs and the aging 

building fabric. 

Active technologies are best compared by their 

coefficient of performance and suitability in an 

overall design solution. In an Irish context heat 

pumps and photovoltaics (PV) are very suitable 

solutions. 

Air Source Heat Pumps (ASHP) 
Depending on the size of your building, an 

Air Source Heat Pump (ASHP-Air to Water) 

can produce �4 of heated water for an electrical 

cost of �1 (@35˚C). That’s a COP of 4. A 

vapour injection heat pump can create hot 

water, up to a temperature of 50°C at a COP of 

3.5, and even hotter if you use a DX coil (high 

efficiency), getting 65˚C at a COP of 3.4 which 

could be good 

for domestic hot water and standard 

radiator heating. Please note that an Energy 

Savings Trust survey of 83 heat pumps found 

the COP to be 2.3 and 2.5 probably due to 

poor commissioning and maintenance. Low 

temperature radiators can be an efficient way 

of delivering this heat to internal rooms. In 

the Zero2020 project the ASHP proved very 

efficient, reducing heating demand by over 

90% together with super-insulation. A heat 

pump may be reversible in summer, effectively 

pumping cool water into radiators.

Ground Source Heat Pumps (GSHP)
Other popular heat pumps include ground 

source or geothermal heat pumps, recovering 

heat from soil, rock or water, and can be more 

expensive to install than a traditional ASHP. 

\

Ground Source Heat pumps recover heat 

from soil, either horizontally or drilled vertically 

on tighter sites. A COP of a GSHP ranges 

between 2.5 - 2.9 at 65°C - 55°C. The Green 

Building Dublin GSHP has a COP of 4. The 

larger the building the more likely a GSHP will 

suit. 

Technological solutions

Technology 
Since the birth of active solar water heating in the 1930s, we have 

been over focused on technology to solve all our problems. It has 

been difficult to choose which one will work the best for your building, 

especially in a mild Irish climate 

for your type of building. Technologies have come in an out of fashion, 

and it has not always been easy to compare them. Whilst there is no 

silver bullet, our retrofit research may give you a steer in the right 

direction.

Figure 14

Air Source Heat Pump (ASHP) schematic model.

Figure 15

GSHP horizontal heat capture model.

Cold air

Heat pump

Hot water

Low temperature 
Radiators

Ground-source 
heat pump

Underground 
water pipes
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The smaller the building the more likely an ASHP 

will suit. As a rule of thumb in 2016, the capital cost 

of an ASHP was 30% cheaper than the GSHP.

There are three types of renewable energy for 

buildings, those who create hot water and those who 

create electricity and those who create both. 

In a super-insulated commercial building we are 

concerned with cooling in summer and heating in 

winter. It is worth noting that the heat balance of total 

energy consumption post retrofit can be as low as 

5-10% (7-15kWh/m2a) of total energy.

Solar Power
Solar applications fall into Solar heated water and 

Solar generated electricity. 

Solar Water
Solar water heats your water storing it in a large 

vertical buffer tank or underground tank, delivering 

hot water to radiators and domestic hot water (sinks). 

You have probably seen both the flat plate and 

evacuated tube (ETCs) types. Generally speaking, 

ETCs are more than 30% more efficient than flat 

plate collectors and work better in cloudy conditions 

(diffused radiation). Flat plates have high conduction 

and convection heat losses to the environment. 

O’Fiaich College in Dundalk and Cork IT have large 

installations. Optimum angles for inclination in 

Ireland are 35º - 45º Southwest. 

Performance can drop to 50% in winter, which is 

important when considering the sizing of systems 

and buffer storage. Seasonal underground buffer 

tanks can also be used, but it adds cost and they have 

significant inter-seasonal thermal losses. 

Solar Electric (Photo Voltaic)
Given that 90% of your energy consumption post 

retrofit will be electrical, from lighting, heat pumps 

and small power, then PV makes a very logical choice 

for large retrofits with flat roofs, even in Ireland. Given 

a large electrical demand there should be enough site 

demand for excess electricity (scale dependant). 

Colleges and Universities may have a lower demand 

in the summer due to lower occupation outside the 

semesters. In that case PV energy in Ireland cannot 

be sold back to the grid  unlike the UK for PV but it 

can be stored in batteries in a stand-alone installation 

(CIT has a 1.2kWp Array at 15.22% efficiency). 

Payback periods of 15 years can be expected when 

grants are included.  The cost of worldwide PV energy 

production has dropped from �70/watt in 1977 to 27c/

watt in 2015 and costs in Ireland have fallen by 60% 

since 2011(DCENR.GOV) .

Figure 16

Solar Water schematic model.

Solar panel

Heating system

Pump

Seasonal
Water 

Storage
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Figure 17

CHP scheme: It makes hot water and electricity from a mixture of sources like gas, oil or biofuel. 

100% fuel

Gas
Oil

Biomass

CHP + district 
heating

20% waste

Heating

Delivered 
energy

Electricity

Figure 18

A few different options lamps and the right and wrong ones for use in commercial buildings.

Incandescent 
light bulb

LED light lamp

Fluorescent Lamp T5

Lamp Fixture with Fluorescent lamp T5

Combined Heat and Power (CHP)
CHP is cogeneration of heat and electricity, 

which is a very efficient non-renewable 

technology. CHP makes electricity on site, 

thereby saving on power line transfer losses 

from regional power plants. However it 

essentially is burning fossil fuel and therefore 

not considered a renewable source. CHP is 

however one of the most cost efficient of the 

active technologies worth considering, as 

it significantly reduces the cost of electrical 

energy. CHP has an effective COP of 6. 

If the target of the building investment is 

future compliance with NZEB by 2019/2021, 

then CHP won’t be part of your solution. If not, 

a CHP is a great option! A CHP system can 

reduce electrical energy costs from 10c per unit 

to 2.5 cent per unit. A word of warning, cheap 

electricity from a CHP will adversely affect 

Return on Investment calculation periods for all 

other retrofit solutions. 

Lighting
Interior Lighting can contribute 12-14% of 

total energy consumption a pre retrofit office 

space (SEAI). 

However in the case study building lighting 

energy was 41% of total energy demand 

post retrofit.  Changing your lighting to LED 

or Florescent T5 are simple ways to make 

Return flow



#59

5 Environment

Figure 19

Scheme daylight sensors : using reflective surfaces for maximum daylight gain & reduce consumption of electricity energy.

Day lighting

Window with 
Reflective surface
(Low emissivity)

Day lighting

Sensor
(Light off)

immediate savings. This is what we refer to as 

the low hanging fruit of energy conservation. 

A T5 can achieve 40 – 50% energy saving 

and an LED installation can achieve 70 – 80% 

energy saving. T5s have a lamp life of 14,000- 

20,000 hours and LEDs have a lamp life of 

30,000-50,000. Both will give you a return on 

investment in 1 to 2 years. LEDs have a higher 

capital cost than T5s. In the case study building 

lighting was reduced to 28.4 kWh/m2/a from 37 

kWh/m2/a delivered energy by moving from T8s 

to T5s.

Occupancy/ Proximity/ Daylight Sensors 
Another great and simple way to reduce 

energy costs is by using lighting sensors. 

They  can reduce the lighting load by up to 

50%. There are occupancy sensors and day 

lighting sensors. In testing these we found that 

proximity sensors can actually reduce florescent 

lamp life. Proximity sensors appear to affect 

florescent light lamp  life and not LEDs. 

    
      Warning

Sensors negatively impact florescent lights lamp life 

impacting payback  
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Mechanical Ventilation Heat Recovery 
(MVHR)

MVHR systems extract the heat from warm, 

damp air, heating up fresh intake air from the 

outside. A heat exchanger can work up to 

90% efficiency. This is an active alternative 

to natural ventilation and used extensively in 

Passive House design. The forced air system 

uses electricity, requires ducting and sound 

attenuators.

Building Management System (BMS)
Most commercial buildings now have a 

Building Management System. What is critical 

to the performance of a low energy building is 

an understanding how to use the BMS, how 

to commission and maintain active systems 

to work optimally and efficiently. We are 

quickly moving to the Internet of Things (IoT) 

and increasingly our buildings will be more 

connected, with greater control. Combining a 

BMS with environmental sensors can allow you 

to automate your interconnected technologies, 

thus gaining greater potential efficiencies. This 

will allow you to automatically turn heating on 

as temperatures drop or open vents for night 

purge cooling in summer. 

Figure 20

A mechanical ventilation heat recovery system uses ducted air pipes, removing warm stale air from the office and recovering the heat from it. It then takes cold fresh air in from 
the outside, warming it from the recovered heat. 

21°C - 25°C18°C

0°C3°C

18°C
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Automation
A building management system (BMS)can 

control all of your fixed building services, such 

as lighting, heating, fire, renewable, plant and 

ventilation. All these devices can be automated 

to turn on and off when needed. A good Zero 

Energy Building needs close control of all 

systems to work harmoniously and efficiently. 

In the NZEB pilot project, Zero2020, we 

automated high-level vent openings beside 

fixed windows near each user. A manual vent 

door allowed occupants personal and localized 

control. Sensors reacted to humidity and 

temperature to open vents controlled by the 

BMS. 

Automated vents allowed for night purge 

cooling in summer, thereby cooling down 

the concrete walls, which in turn, delayed 

overheating during the day, with walls acting as 

local cooling banks. 

Heating

Water

Ventilation

SecurityCCTV

Fire

Solar panels

Air controller

Temperature 
sensors

Figure 21

One BMS system can control all the systems in your building. Like all great tools, they require training!
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General Services
Plug loads or general services fall outside the 

building regulations, but not outside a public Display 

Energy Cert (DEC). A DEC records the actual energy 

consumption of your building post retrofit. 

In many cases, the downfall of a low energy 

building arises from plug loads. Plug loads can 

represent 38% of total energy consumption in a 

normal building and up to 50% in a low energy 

building. 30% of plug load can be attributed to 

Phantom or Vampire loads, coming from equipment 

left in standby (red light) mode outside of office 

hours. It is hard to change peoples behavior pattern 

but you can install an automated server based 

software that powers down non-essential networked 

devices at night. Other strategies for reducing plug 

loads are user awareness programs,  the use of 

energy dashboards and power saving extension leads.

In the  Zero2020 nZEB building Vampire loads and 

plug loads can represent up to 16% of total building 

energy demand. This is the next big hurdle for Net 

Zero Energy Building Design (Kaneda, Jacobson & 

Rumsey 2010).

Figure 22

The amount of plug loads are growing with the amount of devices people are using.  When you leave these plugged in, they go to standby 
mode and can still consume up to 30% of electricity, this is called vampire or phantom loads. 
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Graph 1

Electricity Breakdown in Commercial buildings (Rocky Mountain Institute 2011)
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Passive solutions

Figure 24

Zero Energy House, Copenhagen 1974.

Figure 25

Saskatchewan Conservation House,1977.

Figure 23

Typical Heat gains in commercial buildings.
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Commercial buildings perform differently to 

domestic houses, and therefore require specific 

retrofit solutions. Passive solutions are more 

cost effective than active solutions and tend 

to last longer. A good rule of thumb would be 

�1 spent on a passive solution is equivalent 

to �10 spent on an active solution. Low 

energy buildings are based firstly on energy 

conservation, with remaining energy demand 

met by renewable technologies.

The earliest super-insulated buildings were 

developed in 1974-75 in Denmark, Germany, 

the US and Canada. Super-insulation of the 

envelope is used both to prevent heat loss in the 

winter and heat gain in the summer.
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          Warning 

Remember, in summer concrete buildings will 

absorb heat from solar radiation and radiate 

this inside by conduction, thus overheating 

the interior space. They will also lose energy 

efficiently by conduction in winter making it 

hard to heat. 

Our research shows that you need to isolate 

the exterior and interior thermal environments to 

reduce energy loads, otherwise you are spending 

money on heating or cooling your building, to 

arrive at the narrow thermal comfort bandwidth 

that humans enjoy (19°C - 25°C), which your 

building should be in for 95% of occupied 

hours. A cold envelope or windows lead to 

radiant temperature asymmetry (RTA) internally 

making people uncomfortable. RTA is why you 

feel could on one side, or you feet or hands feel 

cold. 

Heat loss

Heat loss

Heat loss

Figure 26
Radiant Temperature Asymmetry

°C diff 7°C
≥ 5°C = RTA
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There are many studies on insulation in retrofit, however the 

best practice is external insulation for precast concrete buildings. 

Be careful, old stone buildings require careful consideration for 

breathability, because poor detailing can result in rising damp, interstitial 

condensation and mould. It is for this reason that internal insulation 

should be, in general, avoided. In many constructions this can lead to 

high humidity in the cavity of a multilayered construction. Moisture 

condensates on a cold surface, phase changing into water, which can’t 

escape, resulting in mould and fabric degradation. Mould will attack 

softwood batons concentrating on cellulose materials as can be seen in 

Figure 27 below. Mould is found in poorly ventilated locations with could 

surface temperatures and high humidity. 

Figure 27
Actual mould growth in occupied Irish RTC Buildings, 2012.
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STEP 1: Conserve energy

External insulation
External insulation can be breathable or non-

breathable. (Breathable means that moisture 

can wick though the layers). In planning your 

strategy you will need to consider the external 

outermost façade. A directly applied  external 

insulation can have a render plaster on the 

outside of the insulation or can use a separate 

outward facing material which we call a rain-

screen. 

In case studies of RTC building retrofits, we 

find self-pigmented plaster render systems. 

On leeward sides of buildings these have 

stained badly, as lichen thrive on the surface 

Poor detailing at sills causes repeating water 

staining on a façade and when you consider the 

maintenance cost of repainting, a rain-screen 

might be a better option.

Figure 28

An external rain screen can reduce envelope heat loss

Figure 31

Kingspan Benchmark system external cladding.

Figure 29
Staining at IT Carlow. 

Figure 30

Self pigmented plaster delamination.

Applied renders are soft, so impacts from 

footballs or hurling balls will leave significant 

impressions. Such applied renders also come 

with issues of 

De-lamination if applied in freeze-thaw 

conditions, limiting application periods and 

increasing risk. Embodied moisture in the 

old facade trying to escape can also lead to 

delamination

On Zero2020 a ceramic composite panel 

was used with a 35mm well ventilated cavity 

in front of the insulation. This minimised 

water penetration, and thus conduction, 

into the insulation layers. It also minimised 

maintenance and staining issues whilst 

improving the overall aesthetic. 

          Warning 



#68

1 Introduction

Whilst one could use natural wood fibre 

type insulation externally they tend to be 

used in timber frame type constructions, 

the risk of water penetration in a precast 

concrete frame retrofit would be higher 

than a new building timber frame. Kingspan 

or other EPS products combined with 

expanding foam cavity insulation are great 

energy conservation strategies that will 

achieve narrower final wall thicknesses, 

than using wood fibre. 

Depending on your wall build up, an 

overall U-value of 0.1w/m2K can be targeted 

(that’s very good). In a typical precast 

concrete building from the 60s/70s the 

existing structure could be made up of an 

inner block leaf (100mm), ventilated cavity 

and external concrete panel. Retrofit this 

with a 125mm of Kingspan Kooltherm 

external insulation and fill the cavity with 

BASF Walltite expanding polyurethane 

foam. Put an external rain screen on the 

outside and this will achieve 0.1w/m2K and 

eliminate interstitial condensation issues.*

Figure 32

Applied render - water ingress increases heat loss.
*Always hire a professional to carry out hygroscopic analysis before preceding because your particular wall build up can be slightly different. 
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Foam, Fibre or Bead/ Cavity Insulation?
Fibre is not a good idea, as in many research examples it has absorbed 

water and become wet leading to damp problems. This guide is advising 

against the use blown fibre in a commercial context. Bonded polystyrene 

bead insulation rarely fills the cavity, and holes or low densities can 

occur, transmitting water across the cavity into the inner leaf. Some 

beads can shrink over time, falling away from weak points, like sills, 

aggravating thermal bridges. Other issues like ant and mite infestations 

can occur and wall tie corrosion can happen.

In the precast concrete system buildings of the 60s and 70s, it is likely 

that the external panels may be cleated to the structural columns. These 

may require attention as they may have rusted over the years. Cavity 

injected expanding foam has a great U-value, getting into every crevice 

and around every wall tie, it also creates an air-tightness boundary and 

is hard for water to cross. Foam will thermally drift over its lifespan 

becoming more brittle (40 years). 

          Warning 

Expanding foam can put an outward pressure on your external wall 

therefore make sure you pump before you externally render and check the 

cladding fixings!

Figure 33

Section of Zero2020 Facade
External Insulation 
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Windows
Heat comes free from the sun. In Passive House

you are trying to make the most of this by having 

south facing windows. In a naturally ventilated low 

energy building, too many windows can cause 

overheating in summer. So we need to think about 

cutting down the heat gain from windows and using 

shading devices. 

New question: Double-glazed, triple glazed or even 

quad glazed? Which to use?

North and east façades will loose the most heat, 

therefore you will be looking for a low U-value 

glazing on those elevations. What’s a U-Value you 

might ask? It’s how good the material or product is 

at keeping the heat in, the lower the U-value you can 

get the better! Windows will lose much more heat 

than your walls.  (usually by a factor of 10!). So use 

triple glazing on all faces (≤ 0.8 w/m2K). 

Which Window Frame?
Windows come in uPVC, Timber, Aluminium and 

Alu-Clad. In general Timber window frames are 

Figure 34

Zero2020 New windows and vents.

very good insulators but can require higher maintenance. UPVC can be a very affordable option and a good insulator, although Architects hate them 

and seals can crack due to prolonged exposure. Aluminium frames are likely to be the worse performer unless they have a very good thermal break 

designed within the frame. Alu-clad (aluminium of the outside, timber on the inside) are very popular, and probably the most expensive option by up 

to 20% but certainly the best choice. You can also buy Passive House certified windows manufactured in Ireland from Munster Joinery. 
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          Warning 

Manufacturers often quote the performance of the Glass (Ug) and leave 

out the performance of the frame (Uf). The frame is the worse part of low 

energy window performance. So you are looking for the U-Value of the 

total window, so look for the  (Uw) or Uw installed value!

Outside Inside

Heat Loss 
U Value

Solar Energy Gain
G Value

Figure 35

Solar heat transmission through a triple glazed window. 
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Here are some handy window 

U-value performance figures 

Standard    UW w/m2K  Our opinion

Gaulhofer Energyline                              0.59  Brilliant

Munster Joinery Alu-Clad               0.76  Excellent

Passive House                 0.85  Very Good

Zero 2020                  1  Good 

Current Regulations                2.2  Poor

Single Glazed windows               5.6  Terrible

U-value

5.88

2.81

2.56

2.01

1.67

1.00

0.85

Ordinary single glazing

Standard double glazing

Double glazing + Argon gas

Double glazing + Low E

Double glazing + Low E + Argon

Triple glazing + Argon gas

Triple glazing + Low E + Argon gas

Figure 36

Different window performances 
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            Warning
High heat gains and losses can be attributed to roof lights and shading 

strategies on the inside of the window don’t work, the solar radiation is 

already inside!

As briese soliel (shading devices over windows) would be mounted 

on the external façade, they can create repeating thermal bridges causing 

conductive heat loss in winter, so they must be detailed properly, or 

shading integrated in a different way.  

If blinds integrated into the layers of window glazing is the solution, 

they should be located in the outer most layer to prevent heat gain getting 

through to the inner lost layer.  Windows need to be fitted in line with 

the insulation layer and taped  to the air tightness layer. You can order 

windows with air tightness tape on them. 

Windows can come with different G Factors. What’s a G Factor you 

might ask? Simple, its how much solar radiation the glass lets through, 

and solar radiation equals heat. The higher the factor the more solar heat 

gain to your building, the lower the factor the lower the heat gains. Heat 

gain might be good in winter but not in summer. 

So you can vary the G Factors for the different elevations: South and 

West could be low, like 0.5 or 0.55, North and East can be higher, 0.65 or 

0.7. Remember in a house you may be trying to maximise passive solar 

heat gain in winter, and in a commercial application you are moderating 

heat gain to reduce cooling loads in summer. 

A good design with integrated shading, a lower 10-25% ratio of 

glazing to opaque wall elevation can help mitigate against overheating in 

a moderate Irish Summer. 

Figure 37

Heat gain with different G-Factors.

61%

39%

37% 4%

63% 96%

High G-Factor Medium G-Factor Low G-Factor
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Air Tightness taping your Window

Vertical louvers or fins for 

east and especially west 

façades

Slope a down for less 

projection

Use louvers in place of solid 

overhang for more diffuse 

light while still shading

Standard horizontal 

overhang 

Drop the edge for less 

projection

Substitute louvers for the 

solid dropped edge to let 

in more light

Break up an overhang for less projection

Shading devices (typically used on South and west 

elevations) can be overhangs or integrated blinds. 

Integrated blinds are less expensive but also less 

effective. An angled projection, on the other hand 

can be obtrusive. Vertical louvers can be used but 

they reduce peripheral views and can dominate the 

character of the façade.

Figure 39

Tape the window back to the plastered wall or air tightness 
membrane.

Figure 38

Shading Solutions for windows
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Air Tightness
Most of the old 1960s and 1970s buildings have very leaky envelopes. 

Air leakage results in heat loss and energy loss. However conversely the 

air leakage helps your ventilation as fresh air leaks into the building, and 

stale air out. Good low energy design will attempt to achieve very good 

air tightness between 0.6 m2/m3/hr and 2m2/m3/hr @50pa. 

The lower the number the better! 

Here are a few good standards to follow:

Arriving at a low air tightness score is very difficult and hard to 

implement. A plastered wall can be an air tightness layer but any hole in 

is a potential leak; screws, sockets, switches, lights, services, wires are 

all potential problems. Partial retrofits are also susceptible to leakage 

to the existing building. If designing for a low air tightness score, then 

the level of retrofit comes into question. A ‘Deep Retrofit’ might mean 

removing all materials back to the concrete frame. This is very cost 

intensive and may not make economic sense. You can still achieve a 

deep retrofit by retaining some of the building existing envelope and over 

cladding. Specify an airtightness performance target for the contractor to 

meet and that will keep him honest and attentive to detail. 

Standard Air Tightness

Passive House New Build       
Passive House Retrofit         
Zero 2020          
Current Regulations     

Existing RTC buildings      

m2/ m3/ hr@50pa

0.60
0.10
1.76
10.00
14.77

Our opinion

Excellent 
Very Good 
Good 
Very poor
Terrible

Figure 41

Air tightness test before completion to identify problems and after completion for final result. 

Figure 40

You should be able to draw a continuous, unbroken air tightness line. 
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Ventilation
Ventilation is critical, poor ventilation will result in stale air, where CO2 

rises above 1000ppm and people begin to lose concentration, therefore 

you have poor indoor air quality (IAQ). As you improve air tightness, 

ventilation becomes more important. This is an important point and many 

buildings have turned into sick buildings because of poor attention to 

ventilation in low energy buildings. 

In Passive House, they have a closed window strategy for heating 

season (Winter). This is complemented by Mechanical Ventilation Heat 

Recovery(MVHR is covered in active technologies) for fresh air. In the 

summer, you can switch off the MVHR and open the windows. 

The Zero2020 project demonstrated an alternative method using 

natural ventilation. The Zero2020 system includes automated vent panels 

connected to the CO2 sensors and BMS. As the CO2 rises above 1000 

ppm in winter, the vent panels open letting in fresh air (and of course 

letting the precious warm air out). However a balance is achieved through 

passive internal heat gains and use of a renewable Air Source Heat 

Pump (ASHP) powering the low temperature heaters under the windows.  

Whilst not perfect the solution, it minimises poor air quality and does not 

significantly impact on the heating energy demand. 

A cross ventilation strategy, rather than a single sided ventilation would 

deliver better indoor air quality (IAQ)

Service risers in corridors could be used as passive stacks creating a 

cross ventilation. Automated fanlights over internal doors would allow 

cross ventilation with automated vent panels. Figure 42

Manual low level vertical vent panels and automated high level vent panels
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Heating and cooling
Concrete buildings with internal block walls and exposed slabs have a 

great potential in passive strategies.

The concrete has a thermal mass, this means it can absorb heat or cold 

from the air and store it like a bank, releasing it slowly back to the air. 

In a warm room the exposed block wall or concrete slab can feel cooler 

to the touch. The wall cooled during the night and now is a large cold 

radiant panel. We can harness this material by opening automated vents 

in the middle of the night to cool the walls in high summer. This is called 

Night Purge cooling. You need to design a system that doesn’t represent 

a security risk. Vent panels can be programmed using the BMS to open 

at 4am letting the cool air into the building interiors, the thermal mass 

cools and acts like a cold radiator for the rest of the day offsetting the 

rising temperatures and effectively cooling the internal space in occupied 

business hours. 

This will mean designing open ceilings and exposing block walls.  By 

using heat conservation techniques, much of the heat will be gained 

passively from computers, equipment, lights and people resulting in a 

very low heating load in Winter (<15kW/m2a).  

More people, machines and lighting mean more heat gain. Remember 

that one person is approximately equivalent to a 100watt light bulb in 

terms of heat transfer to the space. There is, in fact, in some cases, nearly 

enough heat coming off the people and equipment not to need a heating 

system if your building was insulated well enough!

At Zero 2020 the heating loads is 6.5kW/m2a delivered energy. Very low 

indeed!

Figure 43
Thermal mass radiant heat absorption Day Night
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Existing buildings represent an investment in energy. The materials and 

their assembly represent energy in the bank. From the material quarry, 

production, transport to site and assembly, energy is consumed all they 

way along and  CO2 is emitted into the atmosphere . Existing commercial 

buildings, whether steel frame of concrete frame, can offset CO2 by 

reusing the structural frame through retrofit. 

The lifecycle of a building usually involves the mineral extraction, 

production in into a product, transport by land-sea-land to site, 

assembly, use, repair, demolition, disposal and landfill. This is an open 

loop with financial costs and environmental costs. If we take the financial 

costs of landfill alone at � 50 per tonne, there is a significant advantage in 

diverting demolition cost toward retrofit budget. 

In many cases they must be ground to a hardcore fill, on site (a noisy 

job), as the cost of landfill is �150 a tonne or approximately �300/m3. 

Concrete structures do have a greater potential for reuse than steel 

frames, as they don’t rust as much. Their lifespan periods can easily 

be extended by 40 years, thus sequestering 95 kgCO2 per tonne or 225 

kgCO2/m3 whilst reducing demolition/disposal costs . On the case study 

low rise 2-floor 1967 RTC building; the basic structural table unit cubic 

capacity of 40.4m3 represented 9090 kgCO2.  The total embodied CO2 

is 1,727,100 kgCO2 at Cork RTC and 6,822,045 over the 8 original RTC 

locations, which illustrates the potential for sequestering or re-investing 

CO2 through retrofit.  

The main building components from 1960s and 1970s buildings 

can be structure, envelope (cladding and windows), roof (weathering, 

insulation, structure), internal walls and fixtures. In examining the 

major components of structure we found a common problem with steel 

structures. The older steel structures commonly exhibited structural 

degradation by rust, especially near envelope junctions. Concrete 

structures on the other hand tended to be more durable exhibiting 

significantly less degradation. 

Steel is also found the reinforcement of concrete. In areas like the 

external cladding.  Driving rain penetrates the cladding causing the 

reinforcement steel to rust and expand, causing concrete panels to crack 

and break (anaerobic corrosion and expansive spalling). Steel fixings on 

the external panels, back to the structure can also commonly rust also 

causing and expansive spalling, fixture failing and disconnection of the 

panel from the building structure. 

  Warning

Concrete structures are also thermally massive, harder to demolish in 

many cases, and costly to landfill or grind. 

Embodied energy
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Table 2
Embodied Energy of RTC Buildings





Zero2020 is an nZEB pilot retrofit,     
designed in 2011 and completed over 4 
months at the beginning of 2012. Its inten-
tion was to both investigate and demonstrate 
if and how net Zero

Energy Building performance could be 
achieved though the energetic  
renovation of 250m2 of a 1974 precast con-
crete education structure in the south of Ire-
land.

Case Study
Zero 2020 6
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Climate
The 2-storey un-insulated concrete case study building is located in a 

moderate climate on a relatively exposed site. Variation between seasons 

is moderate, and it is best 

described as a cool temperate and moist climate. Heavy precipitation 

occurs during mild winters, dominated by mid-latitude cyclones, 

bringing with it strong winds and rain. 

•   Annual mean temperature is 10.3ºC 

degrees with winter highs averaging 9°C 

falling to 2.7°C at night. Summers average 

highs of 19.7°C and average lows of 11.3°C.

•   Prevailing winds are from the South 

West with mean annual wind speeds of 11.1 

knots falling to 9.1 in July and up to 12.9 in 

January.

•   Relative humidity is high varying 

between 77-87 annually and consistently in 

the high range in the mornings. 

•   On average there are 1417 hours of 

sunshine per year with one of the most 

optimal solar radiation locations on south 

facing slopes in Ireland. 

Figure 44

Climactic exposure of Block B, Cork IT. 
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Analysis
    The relative humidity is important, coupled with the driving rain. 

The existing precast concrete building suffered from expansive spalling. 

Rain penetrated into the thin exterior panels, causing reinforcement steel 

to rust and expand, the concrete cracks and falls away. This is relatively 

important in the retrofit, as the 7.2m panels were only held to the 

structure by 4 rusting cleats. 

On exposed southwest facades severe panel failures had to be arrested 

by secondary fixings. Frequent rain showers, the exposed failed roof 

membrane and high winter student occupancy resulted in a high 

internal humidity, coupled with low surface temperatures leading to 

chronic mould growth in poorly ventilated locations. High incidences of 

respiratory illnesses are recorded through the winter season.

Figure 45
Low surface temperatures and mould growth (RTC inspections 2011)
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At the case study building thermal comfort was non-existent, with 

winter internal temperatures failing to reach 18-19°C for nearly the entire 

occupied week. Single glazed windows, with 100mm restrictors, were the 

primary source of ventilation. The windows caused widespread radiant 

temperature asymmetry (RTA) and thermal discomfort. An aging heating 

system struggled to raise winter internal temperatures as the exposed 

thermal mass worked against it and windows quickly dissipated the heat. 

The high heat losses and thermal discomfort led to a widespread use of 

mobile electric powered radiators in offices. Summer overheating was 

equally chronic, with 33% of envelope area covered by glazing, internal 

temperatures in poorly ventilated internal rooms of 36-40°C have been 

recorded.

Graph 02

Moisture transfer (green colour) through the build fabric in 
year 1. The existing envelope has absorbed rain over the 
years and needs to dry out into the new cavity between the 
external render and old facade. The hygroscopic analysis 
established that the new facade build up is 
condensation risk free. 
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Performance
The existing 24,000m2 building (1974) is 

beyond its physical lifespan, of 40 years. A public 

building has a financial lifespan of 30 years. A 

private building has a financial lifespan of 20 years. 

Valuation Assessors commonly use depreciated 

replacement cost (DRC) methodology to estimate 

the existing value of the building. Using DRC, the 

Net Present Value (NPV)of the RTC 1974 building 

is zero. There is a value to the site but there is also 

a cost for demolition and site preparation for a new 

build. Therefore in advance of a new build on a 

brown field site there is and negative macroeconomic 

cost. 

The existing building energy performance 

represents the level of Green House Gas emissions 

and operational energy costs. Primary Energy (PE) 

consumption was 325 kWh/m2/yr. The CIBSE TM 

46 benchmark for universities is 320 kWh/m2/yr. Of 

course the building still has utility, a site value and 

the existing internal structure (with a high-embodied 

energy). Therefore its renovation at 80% of new 

build cost can extend its lifespan by a further 40 

years and reinvest the embodied carbon value in 

the structure. A replacement building would suffer 

from the additional demolition, site preparation and 

construction costs  to achieve the same building 

utility and lifespan. 

kWh/m2  kWh/m2 

delivered  primary 

Thermal Energy  95 104
Electrical 
Energy 110 284

kWh/m2  kWh/m2 

Zero2020 
Phase 1 ‐ 
Design 

Thermal Energy  25 28
Electrical 
Energy 40 103

kWh/m2  kWh/m2 

Zero2020 
Phase 1 ‐ 
Measured 

Thermal Energy  6.5 16

Electrical 
Energy

28.4 69.5

Annual Energy ConsumpCon Benchmark StaCsCcs

ExisCng 1974 Building 

* Excludes plug loads.

Table 03

Existing building 
energy performance

Design Stage modelled 
energy performance

Post occupancy building 
energy performance

Graph 03

Delivered energy profile
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Strategy
If we considered a brown field rebuild strategy we would 

have to deal with the demolition of the existing structure, 

expending more energy to crush and disposal of the 

concrete to a reusable aggregate at a cost of �7 a tonne 

(2015) budgeting �700k for 24,000 m². Precedent new 

build costs for University buildings in Cork is 

� 2400/m2 (2016).

The pilot project covered 250m2 of the first floor at the 

end of  ‘B’ block with South, West and North facing facades 

(the East was an internal connection). It was decided to use 

a passive first strategy, with a super-insulated envelope 

& natural ventilation, augmented by an air source heat 

pump providing hot water at 35°C to a radiator system. 

Existing florescent T8 lights would be replaced by T5s and 

occupancy sensors. Natural ventilation would be single 

sided but assisted by vent automation. 

Budget constraints / Performance threats
A number of compromises were made that reduced 

the effectiveness of the solution. An optimal solution 

would have used LED lights, with the addition of daylight 

sensors, and cross ventilation using a solar assisted stacks 

in the central corridor service riser. Vent automation was 

a relatively high price, and a reduction in the number and 

increase in size of vents could effectively halve the cost. 

A new super-insulated roof light would have been a more 

efficient solution than secondary glazing. A user energy 

dashboard interface would have greatly helped awareness 

of plug loads consumption post occupancy. 

Figure 46

RTC Structural components
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the envelope it was hoped to store the weeks heat in the 

concrete minimizing heat loss through the weekend. The 

concrete would bank the heat, releasing it through the night 

making for a more stable and constant internal temperature. 

The difference between the lowest indoor temperature and 

highest indoor temperature would be minimized effective 

seeing swings between 19-24°C rather than 11-40°C. 

Strategic Statement

The design solution aimed to harness the thermal mass 

of the existing structure and sequester carbon. CIT has the 

potential to sequester 1,113,863 kgCO2 through the reuse 

of the structural tables. In the existing building, the thermal 

mass cooled through the winter weekend making it hard 

to warm on Monday mornings, effectively working against 

the uncontrolled heating regime. By super-insulating 

Figure 47

RTC Massing, Locations and Orientation
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Strategic Statement 
The use of thermal mass in the summer would be to 

offset the overheating influence of the sun at 3-4pm. Vents 

would be used to flush cold night air into the building to 

cool down the walls and slabs. They would then act as 

cold radiant surfaces cooling the interior during the day 

delaying overheating to late in the evening 8-9pm. This 

key strategy aimed at minimizing heating and cooling 

costs. 

Passive First.
The super insulated envelope minimises heat loss 

and thereby reduces internal space heat demand. The air 

tightness reduces convective heat loss and the windows 

reduce solar heat gains. Exposing the thermal mass of the 

existing internal walls helps offset overheating during the 

summer. 

Roof
The existing roof comprised of a 150mm concrete slab, 

25mm thermally drifting Styrofoam insulation and asphalt 

covering. This  was covered by a 200mm Kingspan 

Kooltherm rigid insulation with a new weathering 

membrane. A green roof system was considered but 

rejected due to additional load and drainage requirement. 

Insulation was carried over the parapet to minimize 

thermal bridging risk. 

Table 4

Cladding build up

Figure 48

Left to right: Internal block wall, blown insulation, existing cladding, cavity, external insulation, 
carrier rails and cavity, external cladding. (HJL 2011)
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Frame
Architectural Metal Systems (AMS) in Cork designed 

an external aluminum frame with a 50mm thermal break 

effectively removing the high potential for conduction, 

associated with aluminum. The frame is a highly technical 

and recyclable construction with a longer lifespan than 

wood. The frame (AMS 7-5 High performance ‘renovate’ 

facade system) was designed to take a Kingspan external 

cladding carrier rail. The Kingspan Benchmark system was 

externally faced with a 12mm black ceramic panel acting 

as a rain screen, the outer façade was separated from the 

insulation layer by a well-ventilated cavity.

Insulation
A rigid polyisocyanurate (PIR) 125mm Kingspan 

insulation sandwiched between 2 factory bonded 

aluminum sheets, sits between the new framing system. 

Carrier rails are attached to the metal sheets, holding the 

external rain-screen, separated by a well-ventilated cavity. 

The external ceramic panel reduces the heat loss through 

wind sheer to the walls (not to the roof) and additional 

conductive loss through driving rain. The black colour 

heats in the sun increasing air buoyancy within the cavity, 

increasing ventilation to the cavity on still days. The 

internal cavity is pumped with a phenolic BASF foam with 

a very low cavity tolerance minimizing air pockets in the 

cavity. The foam fills into 1mm gaps and was monitored 

on installation with an infra red camera. It has the benefit 

of bonding the surfaces, adding to the air tightness 

performance and reducing water transfer across the cavity.

Air Tightness
A post retrofit Air-tightness of 1.76 m3/m2/hr@50Pa was 

achieved compared to the 14.77 m3/m2/hr@50Pa existing 

building. Windows were taped to the internal wall surfaces, 

from wall to slab and wall to floor junctions. Achieving 

an air tightness of 1.0 m3/m2/hr@50Pa might be possible 

by stripping all the existing services, but it could also be 

prohibitively expensive to achieve.

Figure 49

Air Tightness window detail
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Thermal Bridging 
Mitigating thermal bridging is critical to reducing conductive heat loss. 

A poor detail will quickly increase heat loss along the length of the detail. 

Important details in this project were on junctions to existing buildings, 

roof lights, parapet and middle floor. On the roof light, a secondary 

glazing was used creating a 1m cavity void. The perimeter of the concrete 

upstand was insulated to reduce conductive heat loss crossing the void. 

Careful attention should be given to insulation thickness over the parapet 

to minimize the risk of a cold surface (blue) in the image. 

Interstitial Condensation
Cold surfaces and warm moist air, created from occupant respiration 

and perspiration, can condensate and form mould on cold surfaces. 

Specific risk analysis simulated a higher potential for condensation 

within the cavity using internal or cavity only insulation. The breathability 

of the existing fabric which has been exposed to the elements for 40 

years needs to be carefully considered, as the moisture from an enclosed 

existing cladding could cause delamination if an applied render system 

was used in the retrofit.

Figure 50
h ermal Bridging Assessment of Existing parapet heat loss
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Windows
Windows targeted a U value of 0.85-1.0 W/m2K. In this project 

Aluminium windows with a significant thermal break achieved a 

performance of 1 W/m2K in triple and quad glazing. The WESCO 

windows used three sheets of Saint Gobain Low E glazing creating 

two argon filled sealed cavities. A fourth sheet of glass on the interior 

side housed horizontal blinds for shading. The design restricted the 

use of blinds in the outer pane (better location for shading purposes 

and worst location for maintenance). Blinds are sealed reducing 

damage and dust. They are occupant controlled but rarely altered. 

Different G-factors are used on each elevation.

Table 5

Window frame build up. 

Figure 52

Therm model of window performance (AMS 2011)

Figure 51

Therm model of window performance
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Ventilation
Ventilation was designed to cool the building and deliver fresh air. 

The key targets were to remain between the range 21-23°C as much 

as possible with a peak summer operative temperature of 25°C. 

The design expected to break this threshold up to 28°C less than 

1% of annual occupied hours. A design ventilation rate of 10 litres/

person was monitored to ensure the CO2 concentrations remained 

predominantly in the 600-1000ppm ranges. Temperature and CO2 

would be monitored by wireless sensors, which connected back to 

the BMS. 

Figure 53

Left: Old single glazed window with 100mm opening restriction for purge ventilation 
Right: Fixed window and fixed louvre with internal vent door panel

Figure 54

Interior view, fixed window and vent panel doors. High automated vent panel and lower vent manual panel. 
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The vent panels were designed with 2 insulated doors 

(0.84 W/m2k) inside external fixed grilles thus reducing 

rain ingress and maintaining  security. The high door 

was automated and the lower door was manually 

operated. The automated doors were opened by the 

BMS as the temperature reached upper boundaries of 

24°C or 1000ppm CO2 and closed again as the indoor 

temperature and CO2 fell. Manual opening of vent panels 

offered users individualised control and vent openings 

were not so big as to create an over cooling problem. In 

normal occupation winter heat loss through vents did 

not adversely affect the indoor thermal environment or 

heating demand. In summer the vents could be used 

with night purge cooling, opening at 4-5am cooling 

the interior concrete thus offsetting the impact of rising 

temperatures. 

A solar stack was not used in the pilot project but the 

design accommodated for a future retrofit by making 

fanlights over doors which could be automated later to 

create a cross ventilation. 

Internal walls and slabs were exposed to allow the 

thermal mass to work with the ventilation cooling 

strategy. We used a number of test ceiling grids. The 

greatest amount of thermal mass was exposed using 

a suspended island ceiling tile below the slab. The 

Ecophon Solo tiles offer an acoustic surface on both 

sides, effectively reducing reverberation and noise to 

NR30 and increasing speech intelligibility. The aesthetic 

is also improved with the greater height and contrast 

with the geometric forms of the tartan grid slab and 

beams. All ceilings were spray painted a dark grey near 

completion minimizing the visual complexity of the 

ceiling. 

BMS
Various lighting solutions were used maintaining a 

luminance of 300-500 lux in work areas and lower in 

corridors. Motion sensors were used with florescent T5s. 

Post occupancy performance would highlight that greater 

savings might have been achieved by using LED lighting 

with the addition of daylight sensors. Sensor controlled 

lighting can be irritating for users and LED task lighting 

should be considered for individual control.

Figure 56

Internal training room

Figure 55

New and old arrangement of fenestration. 
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Air Source Heat Pump
The roof mounted pump Air Source Heat Pump (ASHP), with 

a coefficients of performance of 1:4, delivered hot water to a new 

low temperature radiator system. Heating normally doesn’t engage 

in till November and ends in March /April. Radiators need to be 

oversized due to the low delivery temperature(35°C ). In a large-scale 

application there are a lot more renewable options such as Biomass or 

Ground Source heat pumps. 

Photo Voltaic 
The totality of the remaining post-retrofit energy balance (both 

fixed and process loads) is all electrical demand. Thus PV is a 

great solution even in an Irish climate, with extensive areas of flat 

roofs on commercial buildings. The Department of Environment is 

likely to recommend 20% roof area be covered in PV. Storage is 

critical because there is no feed in tariff. Battery banks or direct-grid 

connection are your only 2 options. However getting a grid connection 

would appear to be very difficult to achieve. Battery banks can be 

prone to shorter lifespans due to variable charges. O’Fiaich College in 

Dundalk and Zero2020 are both excellent examples.

Figure 57

Air Source Heat pump on roof. 

Figure 58
PV array on Zero2020 building helps it meet Net Zero Energy Building performance. 
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Findings
The Zero2020 project completed in May 2012. Its energy 

demand was measured for a year post occupancy, in 2013. 

The space heat demand is minimal because of the impact of 

the energy conservation measures. Space heat demand is 

in the Passive House performance range, without the use of 

mechanical ventilation heat recovery. 

This is surprising because one might have expected a 

high degree of heat loss from manual vents being left open. 

However occupants rarely open vents. Lighting savings are 

far more modest perhaps because the florescent lights are not 

as energy efficient as the LEDs, and there were no daylight 

sensors. 

General services or plug loads represent 50% of total 

retrofit post occupancy performance. This highlights the 

amount of energy being used in a building, not captured by 

the building codes. Of this 29% can be attributed to nighttime 

or vampire loads, computers and other devices in standby 

mode. Zero 2020 has a primary energy demand of 86 kWh/

m2a which is completely met by the PV production, making it 

the first and only measured net Zero Energy Building retrofit 

in Ireland. It cost 20% less than new build, adding a lifespan 

of 40 years and sequestering the buildings embodied CO2 

through the reuse of the existing structure .

Table 6

Energy Performance Standards compared (2016)
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Conclusion 
NZEB retrofit represents a more cost effective redevelopment 

option than new build, delivering 50% energy savings on operational 

running costs.  When a building is at the end of its lifespan it needs 

to be either knocked down or retrofitted. The cost analysis is therefore 

the difference between demolition/new build and nZEB retrofit as 

we are talking about the same utility and lifespan. It is possible to 

retrofit to a lower standard using active systems but these have a 

limited lifespan and do not address thermal comfort, air quality or the 

deteriorating building fabric. 

A naturally ventilated nZEB building is possible without using 

ventilation heat recovery. Heat pumps and PV are a great combination 

to augment an externally insulated building. Applied external 

insulation runs the risk of delamination, as the fabric’s existing 

moisture tries to escape. 

The use of thermal mass is great for offsetting summer overheating 

and moderating temperature swings. Cross ventilation and solar 

stacks would be better than single sided ventilation, and would likely 

improve user comfort in summer. 

The use of a BMS, renewable and automation vents requires both 

careful commissioning and user training to ensure efficiency. 

Table 7

Zero2020 Measured Performance (Delaney 2014)

Graph 4

Age of EU existing building  stock (BIPE 2011)
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Iterative Improvements

A number of learning outcomes came from the Zero2020 

project. Further capital cost savings could be made by 

optimizing vent door sizes, thus reducing the number of 

automated doors. Perhaps a single long automated door and 

then a single long manual one would halve automation costs. 

There is also a potential for greater operational savings by 

increasing the lighting specification to LED and using daylight 

sensors. It was noted that sensors reduced florescent lamp life. 

Server based phantom load software could be used to power 

down non-essential networked devices outside occupancy 

hours without the need for behavioral change programs, thus 

addressing the relatively high percentage of unregulated loads 

post occupancy. 

Irish retrofit building regulations are nearly exactly the same 

today as they were in the 1976 draft building regulations 

however all that is about to change. 99% of the EU building 

stock exist with only 1% of replacement new stock each year.  

60% of EU buildings predate 1975, and these are some of the 

most inefficient buildings we have. McKinsey (2010) identified 

that retrofit is one of the most cost effective ways of reducing 

Green House Gas emissions. NZEB Retrofit can help us save the 

world and improve our bank balance at the same time. I hope 

you enjoyed the guide! Check the author out at Ruaarchitects.ie 

Figure 59

h ermographic Photograph 
Left: Old RTC building 
Right: Refurbished Zero2020 building



Figure 60

Zero2020 Retrofit, Ireland’s first measured nZEB retrofit 2013 
Photograph by Janice O Connell, F22 Photography





Marc Ó’Riain has completed PHD research of low energy 

commercial retroit over the last 6 years. The process has 
seen the realisation of the irst Net Zero Energy Building 
retroit in Ireland. This book is meant to be a simple 
fundamental guide to understanding the principle steps 
to achieving nZEB with your building retroit. This guide 
is aimed at the owner, developer, facilities manager, and 
inancier. It will also be helpful to architects, engineers, 
building designers and students. It is written and illustrated 
to explain each aspect in a straightforward manner. Any 
and all jargon is explained. The guide also contains a short 
visual history of 20th Century architecture and a case study 
on the Zero2020 project. 
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