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1 Background 

An existing house with multiple wall types construction makes for a challenging retrofit but 

also an excellent example of solutions to the EnerPHit Standard. In particular, the 

usefulness of this project for the majority of home owners becomes magnified by adopting 

the step-by-step approach required under the EU-funded EuroPHit project, involving 

budgetary constraints that preclude one single operation and, consequently, calling for a 

retrofit strategy phased over some years. A certain complexity in the design and energy 

analyses result from the fact that views of the sea and mountains are afforded to the north, 

whereas the southern aspect looks immediately to the upward slope of a planted hill, as 

well as from the fairly high altitude. Such is the case with the Stella Maris house, Wicklow, 

Ireland, in which affirming the original architectural concept would prove a further challenge. 

A key catalyst for this project was the infiltration by wind, penetrating under roof tiles and 

bitumen-based roof felt and through fibreglass, frequently negating its insulation value. It 

also cut between the joists of the suspended floor and up between floor boards to further 

rob the house of its space heating. Besides poor construction generally, this failure of the 

roof to protect the house not only proved the imperative for radical retrofit, but prompted the 

first phase in a step-by-step approach. Also included in this phase was external insulation of 

the north/front wall, including replacement of its windows and door. PHPP 9 was used to 

determine the existing performance but also as a retrofit design tool and a basis for the 

phasing (Figure 1).  

 

Figure 1: Excerpt from PHPP 9 Variants Sheet (MosArt, 2015) 
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Strategically, it was decided to introduce insulation to the building exterior in order to avoid 

condensation and so preclude hygrothermal analysis, or such was the plan! This also would 

minimise disruption, permitting continued occupation of the house. 

2 Construction and detailing 

2.1 Roof 

Above all else, the roof had to be addressed due to the poor wind protection it afforded and 

because it comprised an unusually large proportion of the overall building fabric, extending 

from ground floor level through the upper bedroom floor. It was initially planned to place the 

airtight layer on top of the existing rafters and to replace the existing fibreglass between the 

rafters with 175 mm fresh quilt fibre (beneath the airtight layer) combined with a single layer 

of 150 mm semi-rigid rockwool externally (above the airtight layer), giving a U-value of 

0.121 W/(m2K). Regarding increased loading, the original oversizing of the existing 175 mm 

rafters proved fortuitous!  

Whilst initially this proposed layering seemed to make optimum use to the existing structure, 

it was soon realised that the 1/3 to 2/3 R-value Ratio Rule in respect of the relative 

performance of insulation inside and outside the airtight layer, respectively, would be 

breached, so running the risk of internal condensation. A hygrothermal analysis was, after 

all, carried out for the proposed and alternatives, and it was decided to reduce to 100 mm 

quilt fibre between the rafters, retain the 150 mm rockwool externally (it had already been 

purchased) but adding a further 50 mm rockwool above, giving a U-value of 0.129 W/(m2K). 

Besides the achievement of appropriate thermal ratio either side of the airtight layer, this 

new arrangement provided the opportunity of minimising thermal bridge effects between 

abutting rockwool slabs by staggered laying out of the 50 mm slabs, i.e. using the latter to 

blank-off the joints of the former (Figure 2). The roof membrane above this was fully taped 

to ensure wind-tightness. Noteworthy in terms of the step-by-step approach was the verge 

overhang that allowed for external insulation of the gable walls in a later phase as well as 

the handling of the airtight layers and the wind-tight layers in respect of the roof and wall 

(Figure 3). 

  

Figure 2: Construction work on south-facing roof – left: layered insulation with staggered overlapping 

joints; right: taped off roofing membrane (MosArt, 2015) 
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Figure 3: Three versions of verge junction: existing, step 1, and final step (MosArt, 2015) 

A formidable breach through this element was the relatively massive chimney stack 

comprising a 900 mm x 900 mm masonry shaft that descended through the bedroom floor 

down to the sitting room. The solution in this instance was to sleeve the entire stack with 

120 mm rockwool, from roof to cap, this material being chosen for fire resistance reasons. 

Complete overlapping of roof and stack insulations was ensured. 

Another major breach or set of four breaches in the roof layer was constituted by the four 

rooflights. As good as the original ones were for their time during the early 1990’s, their 

performance was desperately poor in respect of overall heat loss and thermal bridging, the 

latter being engendered by the need for these windows to sit above the roof structure, so 

offering no opportunity for thermal overlap. Investigation uncovered one of the highest 

performance rooflight, a certified Passive House product, comprising a total of five panes of 

glass and with an overall U-value of 0.75 W/(m2K) – the first time used in Ireland! 

Particularly appreciated with these was possibility of sinking each rooflight into the roof 

insulation layer as well as the incorporation of a thermal sponge collar all around in order to 

minimise heat losses through thermal bridges (Figure 4). 
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Figure 4: Sectional drawing (left) and before and after site photos depicting depth of insertion of 

rooflight between joists (not to scale) (MosArt, 2015) 

2.2 Front / north-facing wall 

Given the primary concern for the retrofitting of the long north-facing roof, it made sense to 

continue below and retrofit the north façade, too. Moreover, this elevation comprised the 

least area of the four elevations and, therefore, was acceptable in respect of budget. The 

existing wall comprised 215 mm solid concrete block with a modicum of 50 mm fibreglass 

insulation fitted internally, using light-weight metal studs that would have constituted thermal 

bridges, so likely negated any thermal benefit. The original windows involved wooden 

frames and double glazing. These and the door were the cause of continuous draughts – 

particularly strong and heat-robbing was the whistling draught between the front door and 

the attic hatch above the bedroom floor. It was decided, therefore, that the optimum 

approach that would unequivocally ensure that each act was complete (a) in itself, (b) within 

a whole element and (c) as part of the overall house fabric continuity from one element to 

the next, was to tackle as a piece the north elevation in continuity with the roof.  

Retrofitting involved taking the existing perfectly intact external plaster as the airtight layer 

and applying 250 mm EPS insulation externally, fitted with low-conductivity mushroom 

fixers. This insulation continued approximately 400 mm onto the east and west elevations, 

anticipating continuity during a later (third) phase and also continued down to the top of the 

foundation. The insulation at damp proof course (DPC) level changed from being moisture-

resistant to conventional EPS. It seems that many suppliers deem it acceptable to use a 

thin metal starter rail fixed to the masonry wall in order to create this junction as well as a 

drip and plaster stop. But, to obviate the resulting thermal bridge – quite critical in terms of 

space heating demand and condensation risk – a combination of flexible DPC fixed to the 

wall and the metal rail pushed further out in the insulation was deployed (Figure 5). 
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Figure 5: Cutting (left) and laying improvised composite of external insulation starter rail (left) 

(MosArt, 2015) 

The EPS also overlapped approximately 40 mm onto the heads and jambs of the new 

window and door frames. These elements comprised aluminium cladding on wooden frame, 

certified by the Passive House Institute – this security in performance was deemed critical 

given the challenge of meeting the EnerPHit Standard. In this regard, the performance of 

the door threshold proved especially critical in the selection. There are high-performance 

doors overall but they are relatively weak on threshold performance. The support of the 

door along the threshold likewise required careful attention in terms of structural loading, 

thermal conductivity and moisture resistance. Accordingly, a 75 mm thick and 200 mm high 

layer of compact foam was bolted to the recessed face at the door threshold. Something 

similar was used beneath the windows as well occasionally as side / reveal supports. 

2.3 Mechanical ventilation 

Given the limited amount of retrofitting planned for the first phase for the Wicklow house, 

the incorporation of a mechanical ventilation system with heat recovery (MVHR) might 

seem premature. However, the house started at an airtightness of 5.8 h–1, a figure that was 

certain to substantially drop with the attention paid to airtightness and wind-tightness during 

the first step. It also made sense to install the relatively heavy and bulky equipment within 

the thermal envelope in the attic during the roof retrofit construction when access was 

particularly easy and more worker support was available. 

Accordingly, a high performance Passive House-certified MVHR unit with a nominal 93 % 

efficiency and incorporating integrally a pre-heater was installed. Spiral mounted ducts, 

located fairly centrally on east-west axes, provided both supply and extract air on the 

bedroom floor only for this phase. These ducts were fully sealed at each junction with high-

performance airtight tape. The relatively short intake and exhaust air ducts were rendered 

airtight, thermally insulated and made vapour-tight completely from the machine face to the 

inside of the external wall. The latter junction during the final (third) phase will likely 

necessitate some stripping away of this work in order to re-connect to the new attic gable 

wall fabric. 
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3 Future phases in the step-by-step retrofit 

The step-by-step strategy has been planned to involve three phases, the first and third 

being the most complex, time consuming and requiring the greatest financial backup. These 

three phases are as follow: 

Phase 1: This has taken place during the summer months of 2015 and comprises the works 

described above and a 200% reduction in space heating demand. The existing heating 

system remains, namely a high efficiency gas condensing boiler feeding radiators. This gas 

boiler along with solar thermal panels are the energy sources for the domestic hot water. 

Phase 2: This will take place during the summer of 2016, comprising interior works. These 

include the replacement of the original open fire by a wood-burning stove as a feature only 

and including an independent air source for combustion. . The completed MVHR system will 

serve the living functions on the ground floor via a distribution-box octopus system and 

semi-rigid uninsulated ducts.  

Phase 3: The final phase is likely to be realised between 5 and 10 years from now, 

involving the completion of the remaining elevations which comprise mostly 150 mm timber 

frame studs with an external 100 mm concrete block leaf. The latter will be demolished, the 

existing plywood sheeting on the exterior of the studs being made airtight, and wood fibre 

insulation added to the exterior which will then be rendered as the finish coat / wind-tight 

layer. A modest extension facing south in the central portion of both floors will increase 

spatial accommodation.  

4 Conclusions and lessons learnt 

The EnerPHit Standard via the step-by-step process needs strategic phasing of the house 

parts to be retrofitted and sequencing of works for unbroken continuity of insulation, 

airtightness and wind-tightness. The roof-to-wall junction along the verge illustrates this 

(Figure 3). This retrofit was driven by air infiltration but the first phase was ultimately was 

determined by budget. The space heating demand, originally 172.9 W/m2K, has already 

dropped to 55.2W/m2K with a dramatic reduction in draughts, increased heat retention and 

improved air quality. Ultimately the full EnerPHit Standard will be realised with a predicted 

space heating demand of 25.1W/m2K, taking us nicely into our more senior years!    

The following are lessons learnt from Phase 1 of this project:  

 Note R-value ratio relative to airtight layer - likely need condensation risk analysis. 

 The MVHR model to be the latest, eg. incorporating a fully integrated pre-heater. 

 Main and mechanical contractors to have experience or take comprehensive training. 

 Fixers for external insulation and starter rail to avoid thermal bridging.
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Summary 

Retrofitting to the EnerPHit Standard (as part of the EU funded EuroPHit project) is 

challenging, but becomes particularly complex where the house concerned comprises three 

different wall construction, is located on an exposed site and has curtailed exposure to the 

south sun. 

 


