
Abstract

The Passive House standard represents perhaps the current 

state-of-the-art in low-energy building design. It is often 

hailed by its advocates as a cost-optimal standard to be 

applied to both new and existing dwellings in order to 

achieve Ireland’s energy and CO2 reduction targets. However, 

meeting the rigorous standards of Passive House in existing 

buildings is demanding and generally requires significantly-

higher initial capital investments. This paper summarises 

a research study involving an investment appraisal of an 

individual dwelling retrofit constructed to the Passive House 

standard. The research aim was to determine if the Passive 

House standard could become a cost-optimal model for the 

deep-retrofit of Irish dwellings. The problem was investigated 

using energy analysis (DEAP v3.2) and Life Cycle Cost Analysis 

tools (BLCC5), applied to a real-life case study Passive House 

dwelling retrofit project. Total life cycle costs for the baseline 

(pre-retrofit) dwelling, the Passive House retrofitted dwelling, 

and a range of alternative retrofit scenarios were computed. 

An economic appraisal using Life Cycle Cost Analysis, 

together with sensitivity analysis, demonstrates that the 

deep retrofitting of an existing dwelling to the Passive House 

standard can become cost optimal, if longer investment 

periods (≥ 43 years), lower discount rates (≤ 2.6%), or higher 

fuel inflation (≥ 7%) are considered.
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1. Introduction

The economics of energy retrofitting are based on the premise of 
spending-to-save – meaning additional initial capital invested today 
in energy-efficient refurbishment measures should be balanced by 
energy cost savings in the future.

The aim of this research was to investigate whether it is more cost-
effective for an individual private home-owner in Ireland to carry out 
energy efficient refurbishment measures to an existing dwelling in 
an intensive way (i.e. to Passive House standard); or to adopt a less 
intensive retrofit strategy, with higher operational energy demand, 
but requiring lower initial capital costs. 

This research question was investigated by carrying out an economic 
evaluation, using Life Cycle Cost Analysis (LCCA), of a case study 
relating to an Irish dwelling retrofitted to the Passive House  
standard.

2. Background
The existing Irish housing stock has been described as one of the 
worst-performing in terms of energy efficiency in Europe, with the 
average Irish dwelling consuming over 25,000 kWh of primary 
energy (Brophy et al). CO2 emissions for Irish dwellings have been 
stated as being 47% higher than the average dwelling in the UK and 
104% higher than the EU-27 average (Ahern et al). 

Current and future EU energy performance policy and directives are 
placing a new impetus on all member states to develop cost-optimal, 
advanced energy-efficiency standards for both new and existing 
buildings, in order to deliver on energy and emissions reduction 
commitments. The Energy Performance of Buildings Directive (recast) 
outlines long-term objectives for all EU member states of decreasing 
the CO2 emission levels for the building sector by 80% in 2050, 
compared to 1990 levels (EPBD, 2010; EC, 2102).

Retrofitting the existing building stock to the required standards will 
clearly require significant financial investments by both governments 
and private individuals. It is recognised within EU policy that to realise 
the full potential of these energy and emissions savings, the whole 
life cycle costs of a building over its entire life-span must be taken 
into account, as opposed to just focusing on initial capital investment 
costs (BPIE, 2013).

The energy used for space heating in existing Irish dwellings on 
average accounts for over 67% of household delivered energy (SEAI, 
2013). Given this fact, significant reductions in both energy demand 
and carbon emissions can be achieved with the deep-retrofit of 
existing dwellings in order to minimise heat losses occurring through 
the building fabric. 

The Passive House standard represents perhaps the current ultimate 
in such “fabric-first” low-energy building design, and is hailed by its 
advocates as a cost-optimal standard to be applied to both new and 
existing dwellings, in order to achieve the necessary energy and CO2 

reductions (Passipedia, 2015). 

Passive House dwellings are typified by high levels of thermal 
insulation (very low U-values), triple-glazed high-performance windows, 
minimised thermal bridging (continuity of insulation layer), structural 
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