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EXECUTIVE SUMMARY 

The building on Pollerton Road contains two semi-detached units, which are being treated as a single 

building for the purposes of the PassivHaus retrofit. The building is approximately 160 m2 and has an 

energy intensity of 121 kWh/m2, which gives it a B2 rating on the Building Energy Rating (BER) scale. 

The residents on one side of the building are special needs, and a caretaker resides in the other unit. 

Because of the nature of the residents, it is important to perform any upgrades with minimal disruption 

to their daily routine.  

The building can be upgraded to PassivHaus with upgrades to the walls, roof, windows, doors, and 

reducing the air infiltration. A mechanical heat recovery ventilator shall also be required. These upgrades 

will reduce the heating load to below 15 kWh/m2, and will eliminate the majority of the thermal bridges 

and air leakage. Because of the resident’s low historical energy consumption, no upgrades to the 

efficiency of the appliances or equipment is required to meet the 120 kWh/m2 total energy intensity 

requirement. 

The costs associated with going all the way to PassivHaus do not make the project viable. The project 

does not reach payback until year 36, and using a 7% discount rate, it has a negative net present value 

(NPV).  The rate of return is only 2.35%. Some of the individual envelope upgrades do, however 

produce more energy savings per Euro invested than others and the Carlow Housing Authority may wish 

to pursue individual upgrade strategies. 
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INTRODUCTION 

The Energy Efficiency in the Built Environment project connects Canadian students from Holland 

College in Prince Edward Island, and Nova Scotia Community College in Nova Scotia with students 

from the Institute of Technology in Carlow, Ireland to develop an understanding of energy efficiency in 

relation to the construction world.  In March of 2012, fifteen students, five from each participating 

institute, congregated in Carlow, Ireland, to undertake the assessment of a semi-detached house, owned 

by Tinteán, and to develop a retrofit procedure to improve the houses performance to reach the 

PassivHaus Standards. 

 
Karyn Brown is a second year Architectural Technology student studying at Holland College on Prince 

Edward Island.  With an interest in sustainable design, she has grasped at any opportunity to learn more 

about sustainable energy in relation to the building environment.  Studying abroad to learn how to 

retrofit homes to meet PassivHaus standard allows for a greater understanding of passive design, as well 

as learn the Ireland construction methods. 
 

Deirdre Cahill is an Architectural Technology student at I.T. Carlow. She is currently in her second year 

of a three year program. She brings the knowledge of the Irish construction methods along with the 

knowledge of the Irish regulations to this program. Having done a similar project in NSCC, she 

understands the aspects of sustainable building and energy efficiency.  
 

Fin MacDonald is a Canadian student at the Nova Scotia Community College in eastern Canada. He is 

studying in the Energy Sustainability Engineering Technology program and is due to graduate this 

spring. He brings experience conducting energy audits and creating energy models to the group, and is 

very interested in PassivHaus design. 
 

Together, the three students shall collaborate to become aware of the methods of construction and 

energy efficient practices used throughout their respective environments.  Through combining their 

knowledge of the building environment and energy efficiency, recommendations shall be produced for 

the structure to be retrofitted in order to reach PassivHaus Standards. 
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OVERVIEW 

Tinteán  

Tinteán is a voluntary housing organization that operates within the County of Carlow in 

Ireland.  Tinteán assists with the social housing that is available within the county, specializing on 

groups that are not considered in mainstream social housing provisions.  In 1993, Tinteán was 

introduced and has since grown to where it is today.  The Tinteán Coille scheme, located on Pollerton 

Road, consists of twenty units for low-income families, and two units to cater up to seven tenants with 

special needs (Carlow Voluntary Housing Association, 2012). 

 

Sustainable Energy Ireland and PassivHaus 

Sustainable Energy Ireland is Ireland's national energy agency that was created under the Sustainable 

Energy Act of 2002.  The purpose of this agency is to develop a greater understanding and progression 

towards incorporating sustainable energy into building design.  Sustainable Energy Ireland promotes 

energy efficiency, renewable energy practices, and the reduction of environmental impact focusing on 

the cutback of greenhouse gas emissions (Sustainable Energy Ireland, 2009). 
 

Under Sustainable Energy Ireland, the introduction to PassivHaus Standards has taken 

place.  PassivHaus is a new method of construction for buildings, which shall result in a comfortable 

living environment through all of the seasons, without the use of a traditional space heating system or 

active cooling system (Sustainable Energy Ireland, 2009).  The PassivHaus Standard was developed in 

Germany by two professors, Bo Adamson and Wolfgang Feist, in the early 1990s (Building Research 

Establishment Ltd, 2011).  One of the main focuses of the PassivHaus Standard is to construct a thermal 

envelope encompassing the structure to optimize the heat gains and minimize the space heating 

requirements.  In order to reach the standards, airtightness, thermal bridging, insulation, openings, and 

mechanical heat recovery ventilation are all taken into consideration (Sustainable Energy Ireland, 2009). 
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The building energy requirements for PassivHaus Standards are to reduce the annual space heating to 

less than 15 kWh/m²/year, the total energy demand for the structure to less than 120 kWh/m²/year, in 

addition to not exceeding 0.6 air changes per hour using 50 Pascals of pressure (Sustainable Energy 

Ireland, 2009).  The heat loss through the building materials and any thermal bridging must be 

controlled in order to reduce the annual space heating to below 15 kWh/m²/year, as well as ensuring that 

the building is sealed airtight. 
 

When retrofitting a home to PassivHaus Standards, typically the orientation of the structure, location of 

windows, thermal bridging, or airtightness of the building have not been considered in the original 

designs.  If designing a new house to meet PassivHaus Standards, these issues shall all be addressed 

before the construction of the building.  The house to be retrofitted is an example of a building that was 

not considered for PassivHaus before construction.  The structure under investigation is oriented in such 

a way that the south facing wall has little solar gain available through windows, where most of the 

openings are located on the east and west elevations.  It is through analyzing the existing structure that 

the PassivHaus recommendations for the building can be achieved. 
 

Sustainability Goals 

The goal of the project is to obtain the PassivHaus standard, but the underlying purpose of achieving 

PassivHaus is to reduce the carbon impact of the building. It is important to keep that in mind when 

making recommendations. Without considering the carbon used to create the materials, it is possible to 

inadvertently choose materials that use more carbon 

to manufacture than they save once they are 

installed. This does not actually reduce carbon 

emissions. By researching the embodied carbon in 

popular insulation types, the decision was made to 

avoid polyurethane materials because of the high 

carbon content. Rigid or beaded polystyrene was 

chosen because of its good insulating qualities and 

relatively lower embodied carbon (Exhibit 

1).  Figure 1 shows the embodied carbon in 

different insulating materials.  Carbon impacts also come from the transportation of materials. For this 

Figure 1: Embodied Carbon of Insulating Materials 
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reason, a decision was made to use materials manufactured in Ireland whenever possible, and if not, to 

source from within the United Kingdom. 

 

Functionality Goals 

The idea for the Pollerton Road project is to increase the sustainability of the building, while 

maintaining its functionality.  This Tinteán building provides aid to those with special needs; however, 

allows for independent living.  The caretaker of those with special needs has ownership of one half of 

the building; nevertheless, there is an access connecting the kitchens of the two homes to ensure their 

needs are assisted with.  One of the goals throughout the project has been to improve the building, while 

not disrupting the home.  Individuals with special needs get used to a certain routine and it is difficult for 

them to adapt quickly to changes. In order to maintain their routine, the layout of the floor plans shall be 

left alone, but adjustments shall be made to most of the exterior of the structure to ensure maximum heat 

conservation.  Methods of reaching PassivHaus Standards have been made without having to greatly 

impact the lifestyles of those living within the home. Any work done to the interior can be done one 

room at a time, and the majority of the upgrades shall happen to the exterior. 
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METHODOLOGY 

Existing Model 

Before any improvements can be made on the existing structure, it is crucial to create a profile of the 

building’s current energy usage.  The benefit of creating an existing energy profile is that it shall identify 

the areas which must be improved to reach the PassivHaus Standard.  To create an energy profile, there 

are a number of methods that can be utilized.  The Irish software that is typically used is the Dwelling 

Energy Assessment Procedure (DEAP) program.  This application was created by the Sustainable 

Energy Authority of Ireland.  An existing model of the structure on Pollerton Road was developed using 

this software.  The DEAP energy model requires U-values of the materials that make up the individual 

assemblies, such as the floors, walls, roof, etc.  This information required was available on the working 

drawings that were provided and was used to calculate the U-values (Exhibit 2). A model of the building 

was created using DEAP (Exhibit 3). 
  

The second method that can be used to create an energy profile is the actual energy usage of the 

building.  This information can be available in the form of utility data.  The 2011 utility information was 

available for the assessment of the structure; therefore, this method has also been utilized.  The 

information was analyzed in two ways. The first method involved normalizing the data using weather 

data from Ireland (Killkenny Weather Station, 2012), which minimizes the effects of mid or harsh 

weather on the analysis.  Using the normalized data, the building energy intensity was calculated 

(Exhibit 4). The next step is to preform a regression analysis using the TdS Dixon Monitoring, 

Targeting, and Reporting Tool. This uses weather data to separate the heating loads from the daily 

energy loads. The heating load intensity can then be calculated. 

 

When the two analyses were compared, there was a large discrepancy found; therefore, the manual 

model based on actual data was used for the purposes of the assessment. The DEAP model did not yield 

credible results. 
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Modeling Upgrades 

The PassivHaus Standard requires that the building meet several criteria.  Measuring the effectiveness at 

meeting these criteria is critical to achieving certification.  Typically the PassivHaus Planning Package 

(PHPP) spreadsheet is used to determine the energy and heating loads; however, due to the complexity 

of the software, a different method was chosen for the assessment of the structure.  The detailed 

information required by the PHPP model was not readily available, and the time required to apply the 

PHPP was prohibitive, given the three week deadline.  The DEAP software was utilized (Exhibit 12) in 

addition to a manual calculation; however, the system was not capable of modeling a building with the 

level of energy efficiency.  The DEAP software made assumptions about the occupancy and energy 

usage that were not accurate to the occupants of the building under review.  Because of the discrepancy 

with the DEAP software, a manual calculation to determine the new energy and heating loads shall be 

determined. 
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EXISTING BUILDING 

Construction 

The structure located on Pollerton Road is a semi-detached 

building that shall be analyzed as one, for the purposes of the 

project.  In each unit there is a living room, kitchen/eating 

area, hallway complete with stairs to the first level, first level 

hallway, three bedrooms, and a full bathroom.  The exterior 

walls, see Figure 2, are constructed as 300 mm walls with a 

100 mm concrete masonry unit inner leaf, 60 mm 

polystyrene insulation, 40 mm air space, and 100 mm 

concrete masonry unit outer leaf.  The interior and exterior 

are then rendered, or finished, as desired.  There is a 215 mm 

concrete masonry unit wall located down the centre of the 

building that is a fire separation between units.  The roof is a 

cold roof system, meaning that the ceiling level is insulated, 

compared to a warm roof, where the insulation is applied to 

the sloped roof.  The roof is built with concrete roof tiles on 

timber battens which are placed on a reinforced underlay 

felt.  The roof is constructed with prefabricated roof trusses 

and the ceiling level is insulated with 200 mm of fibreglass 

insulation which is laid between the trusses, refer to Figure 

3.  The floor is constructed with a 150 mm concrete slab, 60 

mm polystyrene insulation laid on undisturbed earth.  This is 

typical building construction throughout Ireland.  The 

windows that are currently used throughout the structure are 

PVC, double glazed, air filled windows.  The front entry 

doors are polyvinyl chloride (PVC), with a full sidelight, and 

rear double doors are full light doors made of PVC as well, see Figure 4. 

Figure 2: Existing Wall Construction 

Figure 3: Existing Eave Detail 

Figure 4: Existing Window Sill Detail 
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Energy Intensity  

The Tinteán building currently has an 

energy intensity of 167 kWh/m2 (Exhibit 

4). This is based on actual performance, 

which has been normalized using 3 years 

of weather data.  Figure 5 shows how 

Tinteán’s energy performance compares 

to a PassivHaus, and typical Irish homes 

constructed in 2002 and 2007 

(Sustainable Energy Ireland, 2009). 

 

Regression Analysis  

Tinteán has a base load of 20 kWh of energy each day, plus an additional 4.7 kWh for each degree 

below 18 C that the average temperature is (Exhibit 5).  There is a strong correlation between 

temperature and energy consumption, and the regression analysis indicated an R2 value of 0.895 (1 

would be a perfect correlation).  By subtracting the base load from the total energy consumption, the 

heating load can be isolated at 121.6 kWh/m2 (Exhibit 6).  

  

Figure 5: Energy Intensity Comparison (kWh) 
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RECOMMENDATIONS 

Building Envelope  

PassivHaus Standards requires a building envelope that is highly insulated.  The heating load that must 

be met must be less than 15 kWh/m2 of living space.  This is the measured heat required by the space, 

not the energy that is consumed by the heating system.  With this information understood, it is known 

that improvements to the insulation shall help reduce the space-heating load dramatically.  Adding a 

highly efficient or renewable resource heating system will not help meet this particular target.  Several 

components of the building envelope were addressed individually to reduce the heating load. 

Walls 

The calculated U-value of the existing wall is 0.4 W/m2*K 

(Exhibit 2).  In order to achieve PassivHaus, the retrofit guide 

recommend a minimum U-value of 0.1 W/m2*K (Sustainable 

Energy Ireland, 2009).  In order to meet this, 200 mm of 

polystyrene was added to the exterior of the building over the 

existing rendering, and rendered over the exterior 

insulation.  Polystyrene beads were pumped into the 40 mm 

air cavity as well to reduce the U-value.  The new exterior 

walls have achieve a U-value of 0.094 W/m2*K (Exhibit 7).  

Figure 6 contains the wall detailing. The exterior insulation 

eliminates thermal bridging through the firewall, around the 

windows, and on the outside of the footing. The cost of wall improvements is estimated € 21,600 

(Exhibit 8). 

 

 

 

 

Figure 6: Proposed Exterior Wall 
Construction 
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Roof 

The existing U-value of the roof is 0.183 W/m2*K, 

shown in Exhibit 2.  The retrofit guide to achieving 

PassivHaus recommends that the roofs have a U-

value of 0.09 W/m2*K or less (Sustainable Energy 

Ireland, 2009).  By adding 200 mm of polystyrene 

insulation to the top of the roof rafters, the U-value 

can be reduced to 0.081 W/m2*K, see Exhibit 7.  

Proper insulation upgrading will eliminate thermal 

bridging through the roof rafters.  Figure 7 contains 

the roof eave detailing.  The estimated cost of having 

the roof insulation upgraded is € 1,500 (Exhibit 8). 

Windows  

The windows that are currently found in the structure are 

basic double glazed windows with an air cavity.  The U-

value is estimated by the DEAP software to be 3.1 

W/m2*K (Exhibit 3).  The retrofit guide suggests that 

windows have a minimum U-value of 0.6 W/m2*K 

(Sustainable Energy Ireland, 2009).  New windows have 

been chosen from an Irish company, Munster Joinery, that 

achieve PassivHaus and have a U-value of 0.58 W/m2*K       

(Munster Joinery, 2012). Upgrading all the windows to the 

Munster Joinery PassiV Window is recommended.  Figure 

8 refers to the improved window sill detail.  Proper 

alignment with the exterior insulation upgrade will eliminate thermal bridging around the window. The 

estimated cost of having upgraded windows installed is € 11,000 (Exhibit 8). 

 

 

 

Figure 7: Proposed Eave Detail 

Figure 8: Proposed Window Sill Detail 
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Conservatory 

The conservatory in the rear of the building shall remain the same; however, is it not practical to 

condition this space.  The radiator located within the conservatory shall be removed and the doors 

leading to the conservatory from the structure shall be improved.  This exempts the conservatory from 

the heat load calculations determined. There is no cost associated with this improvement. 

 

Doors  

The rear conservatory double door shall be replaced with a standard sized PassivHaus certified 

door.  The front entry door with the sidelight shall also be replaced with a standard sized certified 

door.  The Munster Joinery PassiV door is the recommended choice, with a U-value of 0.58 W/m2*K 

(Munster Joinery, 2012).  This door U-value is below the retrofit guides requirement of 0.8 W/m2*K 

(Sustainable Energy Ireland, 2009). The estimated cost of replacement doors installed is € 16,000 

(Exhibit 8). 

 

Floors 

The floors cannot be upgraded without very invasive tactics. For this reason the floors were left as they 

are currently, and other areas were insulated beyond the retrofit guide requirements to compensate for 

this. This path was chosen to minimize disruption to the tenants. 

 

Mechanical Heat Recovery Ventilator  

PassivHaus requires the use of a mechanical heat recovery ventilator (MHRV) with a minimum 

efficiency of 85% (Sustainable Energy Ireland, 2009).  A heat recovery ventilator is capable of 

ventilating the house using far less energy than natural ventilation.  The system does this by recapturing 

the heat from the spent exhaust air and transferring it to the cold supply air being pulled in from 

outside.  The heat recovery unit of choice for this building is the Genvex GES Energy, manufactured in 

the UK.  This MHRV system has an efficiency of up to 97% and uses a total of 83 W (Genvex, 2012), 

which equates to 727 kWh per year. It is recommended that two MHRVs be installed so that the 
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ductwork does not need to cross the firewall. The estimated cost for two Genvex MHRVs installed is      

€ 5,000 (Exhibit 8). 

 

Passive Solar Gain 

As previously stated, when retrofitting a home to reach PassivHaus Standards, the orientation of the 

structure has typically not been considered in the original design.  This is the case with the building 

under assessment.  Through the use of the DEAP software, it has been determined that there are minimal 

solar gains of 16.2 kW available throughout the year (Exhibit 3).  These gains are so insignificant that 

they were ignored when the heat load was calculated.  The building directly to the south of the unit 

prevents the addition of any effective glazing on the south side.  Orientating a house for passive solar 

gain needs to be done during the initial construction, and upgrades are not practical. 

 

Energy Efficiency 

An analysis of the actual energy consumption for the building revealed that the plug loads and other 

non-heating related energy consumption was 20 kWh/day (Exhibit 5).  This equates to 7300 kWh per 

year.  When this is combined with the improved heating load from the envelope upgrades, and the 

energy required to operate the MHRV unit, the energy consumption reaches 65.07 kWh/m2 (Exhibit 9).  

The required energy consumption for the PassivHaus standard is less than 120 kWh/m2 (Sustainable 

Energy Ireland, 2009).  The load calculated for the structure is well below the 120 maximum; therefore, 

no suggestions have been made for improvements to the electrical efficiency of the home. 

 

 

Heating System 

The current natural gas heating system can continue to be used in the building.  The relatively low cost 

of natural gas compared to electricity per kilowatt hour makes it favorable.  Alternatively, an air to water 

heat pump could be installed which would use the existing radiator system in the building.  The heat 

pump could also provide cooling during the hot summer period. The heat pump is not required to 

achieve PassivHaus though, and would increase the expense and payback period of the upgrades.   
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Air Barrier 

A polyethylene air barrier should be installed to the interior of the walls and properly sealed. The barrier 

will help reduce air infiltration to achieve the 0.6 air changes per hour required. Detailing for the air 

barrier is included with the wall detailing in figure 6. 
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RESULTS 

 

Implementing the proposed improvements will result in a home that meets the requirements of the 

PassivHaus standard.  The following requirements have been met: 

 

• Heating load is 14.97 kWh/m2, maximum requirement is 15 kWh/m2. 

• Primary energy demand is 65 kWh/m2. Almost half the 120 kWh/m2 maximum. 

• An MHRV with a max efficiency of 97% is used. 85% is the minimum efficiency. 

• An air barrier and aggressive window/door sealing will achieve less than 0.6 ACH at 50 Pascal. 

• All thermal bridges except one at the interior of the foundation footing are eliminated. 
 
The energy savings associated with these upgrades will be 16,368 

kWh, or roughly 61% of the 2011 energy demand after weather 

adjustments (Exhibit 10).  Figure 9 shows a visualization of the 

energy savings in kWh. This does not equate to an equal amount of 

savings in euros however, because of a daily fee levied by the gas 

and electricity companies. The Euro savings equate to 

approximately € 508, which is 28% of previous spending.  Figure 

10 shows a visualization of the savings in Euro.  The unfavorable 

euro savings results in a long payback period. A RETscreen 

financial analysis (Exhibit 11) indicates that simple payback will 

occur in 102 years. Making adjustments for inflation, as well as the 

rising costs of energy, the equity payback of the improvements 

came in much lower and occurs in the 36th year (Exhibit 11). Our 

model is assuming both a 5% inflation rate and a 5% fuel 

escalation rate.  Despite the long payback period, in the 50 years 

remaining in the life of the building these upgrades will generate a 

profit of € 59,400.  Despite these profits the project still has a 

Figure 9: Energy Savings in kWh 

Figure 10: Utility Cost Savings in Euro 
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negative net present value (NPV) when using a discount rate of 7% (Exhibit 13). The rate of return on 

the project is only 2.35%. Since some of the upgrades are much more cost effective, they have been 

ranked based on their effectiveness.  

 

 
The responsible approach to upgrading Tinteán would be to start with the upgrades with the lowest cost 

per kWh of savings and continue as far as available finances and Tinteán’s required return on investment 

will allow. Figure 11 contains a ranking based on the energy savings per Euro and the lower cost items 

are preferable. The conservatory is not included in his graph since it is virtually a no cost improvement. 

 

  

Figure 11: Cost savings in Euro per kWh of Energy Savings 
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CONCLUSION 
 

PassivHaus is a tool that allows new buildings and retrofitted buildings to reach extreme levels of energy 

efficiency.  Fundamental to achieving this is the proper orientation of the building to maximize the solar 

gains and reduce the heating energy required.  Achieving the PassivHaus certification on a retrofit 

project without proper orientation is still possible; however, requires added expenses that make the 

project financially irresponsible.  Older buildings should be evaluated on a case by case basis to see if 

PassivHaus makes sense, and if it doesn’t a more realistic strategy should be pursued.  

 

In the case of Tinteán, PassivHaus is not appropriate, and the Carlow Voluntary Housing Association 

should pursue the lower cost strategies with a higher yield, and focus on getting certified. 
  



PassivHaus Retrofit Report 

 

Page 20 

 

WORKS CITED 

 

Carlow Voluntary Housing Association. (2012, February). Tintean. Carlow, Ireland: Carlow Voluntary 
Housing Association. 

Genvex. (2012). GES Energy. Retrieved March 14, 2012, from Genvex: 
http://www.totalhome.co.uk/images/GES%20Energy%20Iss%202%20Email.pdf 

Killkenny Weather Station. (2012). Historical Weather Data. Retrieved 2012, from DegreeDays.net: 
www.degreedays.net 

Munster Joinery. (2012). PassiV Door. Retrieved March 14, 2012, from Munster Joinery: 
http://www.munsterjoinery.ie/catalogue.jsp?p=124&n=220&pc=0&gc=24&c=1&ci=1&i=29 

Munster Joinery. (2012). PassiV Window. Retrieved March 14, 2012, from Munster Joinery: 
http://www.munsterjoinery.ie/catalogue.jsp?p=123&n=213&pc=0&gc=17&c=1&ci=1&i=28 

Sustainable Energy Ireland. (2009). Retrofitted Passive Homes. Renewable Energy Information Office. 

 

 




