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Abstract 

Unmistakably, buildings retrofitting brings the possibilities to reduce energy use and greenhouse gas emissions. However, 
selecting specific retrofit strategies is complex and requires careful planning. There are already various technics of buildings 
retrofitting towards nearly zero energy level. Therefore, the focal point in this paper is the review of relevant solutions and the 
effect of their corresponding consequences on building energy efficiency as well as recommending renewable energy 
technologies. Further investigation on the feasibility of adopting these technics for cold climates requires thorough studies to be 
carried out through experiments or numerical simulations.  
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1. Introduction 

It is known that buildings are the largest energy using sector in the world, and over one-third of total final energy 
use and an equally important source of carbon dioxide (CO2) emissions are imputable to existing buildings [1,2]. 

 

 
* Corresponding author. Tel.: +4745004121; fax: +4722453205. 

E-mail address: mehrdad.rabani@hioa.no 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.09.534&domain=pdf


318	 Mehrdad Rabani et al. / Energy Procedia 134 (2017) 317–326 Author name / Energy Procedia 00 (2017) 000–000 

Therefore, it is vital to reduce the total energy use by means of energy efficiency improvements through retrofitting 
of existing buildings to achieve a nearly zero energy building (nZEB) level that will bring environmental, economic, 
social, and health benefits. Generally, a net zero energy building (ZEB) is a residential or commercial building with 
zero net energy use, meaning total amount of energy used by the building on an annual basis can be compensated by 
on-site production of energy via renewable energy technologies.  

The nZEB has a very high energy performance. The low amount of energy required is covered to a very 
significant extent by energy from renewable sources, including energy from renewable sources produced on-site or 
nearby, which the latter technically may mean existing district heating and cooling or any other technical system 
serving a group of buildings. It is important to emphasize that there are many definitions and ambition levels 
towards ZEB depending on the climate zone [1].  

The energy efficiency retrofits for buildings towards a nZEB level are defined as actions that allow an upgrade of 
the building’s energy and environmental performance to a higher standard than was originally planned [3]. An 
overview of potential retrofit strategies and retrofit actions which may improve performance figures can be 
categorized into three main strategies: (1) actions regarding building envelope and design aspects including 
insulation upgrades, air leakage reduction, improvement of doors and windows, control and exploitation of solar 
gain and daylight, etc.; (2) actions for building systems and installations including installation of high-effectively 
HVAC systems, improvement of electrical lighting systems, improvement of domestic appliances, installation of 
renewable energy, etc.; (3) actions associated with building services and management tools including monitor and 
control of building during operation, utilization of metering services, clock controls, sensors, etc. [4]. Thermo-active 
building systems for thermal stability and natural lighting for a better quality of illumination are also other 
operational examples of retrofit strategies [5,6]. The overall consequence of these retrofit strategies would be an 
energy efficient building with low greenhouse gas emission that is both comfortable for occupant and cost effective.   

Another important factor in studying nZEB is climate of the region where retrofitting is performed. It’s generally 
accepted that buildings in colder climates use more energy for heating than those in warmer climates use for heating 
of building space and air ventilation. So, it takes less energy to achieve indoor comfort in cooling-dominated 
climates as well as it’s easier to build a nZEB, indicating differences in approach towards nZEB in cold and warm 
climates. For instance, while thick layers of insulation get most of the attention in cold climates, insulation needs 
less emphasis in warm climates [7].    

This paper aims at providing an overview of retrofit technologies, strategies, and renewable energy systems 
applied to different areas of existing buildings as well as their energy performance and environmental effects, 
mainly for cold climate and partly for warm climate, to achieve a nZEB level. A thorough discussion on each level 
of building retrofitting is presented and some alternative solutions are also suggested.  

The review research methodology considers the different scholarly studies mostly related to the potential of 
employing building retrofit interventions, with promising results in improving of two key parameters; building 
energy use and indoor environmental quality. The results are classified into three categories including the most 
popular and innovative interventions regarding building design, building envelope, and building system and services 
recognized in the literature as appropriate solutions to achieve a nZEB level. Finding are subsequently interpreted, 
and presented.  

2. Retrofit interventions and performance criteria  

The main criteria for efficiency and sustainable performance of retrofit measures in all building areas towards 
nZEB level include: (1) decreasing of energy use, (2) limited impact on global greenhouse gas emission, (3) 
improvement of indoor environmental quality, and (4) upgrading of functionality and architectural quality. 
Furthermore, the expected cost of a specific retrofit is key to its effective value. However, several of these criteria 
often appear to be in conflict, for example, energy use improvements versus architectural quality [4]. In some cases, 
retrofitting of building service and systems requires less cost investment while providing more environmental 
benefits than retrofit measures using renewable energy technologies [8]. Therefore, finding the optimum retrofit 
strategy is a complex procedure and needs to be critically investigated. 
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2.1. Building design  

Despite the fact that the building design can be affected less significantly during the retrofitting of an existing 
building, its essential role in improvement of architectural quality and, most importantly, in energy saving through 
retrofitting cannot be ignored.  

Table 1 presents the application of different retrofit measures integrated into building design and the summary of 
key findings from previous studies. As it can be seen, large body of researches in this regard indicate the importance 
of building design retrofitting in the enhancement of energy saving and aesthetic value of the building.  

Table 1. Retrofit interventions integrated into building design elements and summary of important findings 

Element  Type of building Major retrofit technologies used Major results  Reference 

Residential (multi-
family apartment) 

Solar thermal collector; BIPV (Building 
integrated photovoltaic system; Green 
façade; Meefs (Multifunctional energy 
efficient façade system) 

The use of Meefs system in cold climate 
building apartments in Finland and Russia can 
offer considerable energy saving (63%). 

[9] 

Non-residential 
(University 
Laboratory) 

BIPV/T Collector (Building integrated 
photovoltaic system collector combined 
with solar air collector)  

The experimental study on the BIPV/T system 
prototype in cold climate in Canada. indicated 
10-15% higher combined efficiency than the 
reference system. 

[10] 

Commercial Curtainwall (Metal frame, infill panels 
of glass metal or composite structure)   

• Employing Curtainwall building façade 
improves both building energy performance 
and appearance towards nZEB in New York 
city. 

• Employing a cassette system can answer the 
need for adaptability and future renovation. 

[11] 

Residential and 
non-residential  Trombe walls; Integration with PV 

• In humid regions, Trombe wall reduces the 
energy use of building and decreases the 
moisture of interior spaces.  

• The indoor temperatures are more stable 
than those in most other passive systems. 

• The time delay between absorption of the 
solar energy, and transfer of the thermal 
energy to the living space can be used for 
non-sunny period heating. 

• Installation cost is relatively low for 
retrofitting existing buildings with uninsulated 
massive exterior walls. 

[12-15] 

Residential (dry 
climate) and non-
residential 
(Tropical schools)  

Solar chimney; Passive evaporative 
system 

• The buoyancy effect of solar chimney 
provides increased indoor air movement and 
approximately 64% energy saving to 
Singapore standard. 

• Integration of solar chimney with 
evaporative system can decrease indoor 
temperature around 9-14 oC and increase 
relative humidity around 28-45% in warm and 
dry climate in Yazd, Iran   

[16,17] 

Roof Residential and 
non-residential Roof-mounted PV system  

• A detailed numerical analysis revealed a 
maximum emission of 69 g CO2/kWh during 
30 years of operation with an embodied 
energy payback time of 3.9 years by the m-si 
PV module in cold climate in Norway.  

• Energy saving of 70 kWh/m2 can be 
achieved per year for a tropical school in 

[16,18,19] 
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