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1 Background 

1.1 Project outline  

Within the call EE-12 of the Horizon 2020 programme, the EU funds several projects on "Energy 
Efficiency Research and Innovation". The COMBI project aims at quantifying the multiple non-
energy benefits of energy efficiency together with the research partners University of Antwerp, 
University of Manchester, Copenhagen Economics and ABUD/Advanced Buildings and Urban 
Design, and is coordinated by the Wuppertal Institute for Climate, Environment and Energy. The 
multiple benefits of energy efficiency are gaining relevance in the research and the current policy 
discourse, but scientific evidence is yet scarce and scattered. Therefore, this projects will gather 
existing approaches and evidence from the EU area, develop modelling approaches and come up 
with consolidated data on different benefits such as emissions (effects on health, ecosystems, 
crops, built environment), resources (biotic/abiotic, metals and non-metals), social welfare 
(disposable income, comfort, health), macroeconomy (labor market, public finance, GDP), and the 
energy system (grid, supply-side, energy security). All project outcomes will be available at an 
open-source online database and be analysable via a graphic online-visualisation tool for 
personalising the findings as to their geographic location and selected benefits. To this end, the 
development of an aggregation methodology is of central importance to avoid double-counting 
and presenting the various benefits on their various dimensions. Finally, insights for policy 
relevance will be derived and policy recommendations will be elaborated to facilitate the 
communication of the non-energy benefits in the relevant policy areas. In addition, the project is in 
touch with on-going processes of how to include multiple energy efficiency benefits into policy 
evaluation. 

1.2 Relevance and importance of social welfare benefits 

Welfare in economics is usually mentioned in the context of welfare state or welfare economics 
and refers to an active role of the government in ensuring social and economic well being of its 
citizens (Collin, 2006; Rutherford, 2002). Therefore, the definition of welfare is subject to political 
ideologies and interpretations and may gain somewhat different meanings depending on the 
geographical context in which it is being used. Welfare is related to and sometimes used 
interchangeably with the term of “well-being”. According to OECD (2014), subtle differences exist 
between the two: well-being is a much wider concept and includes economic well-being or 
welfare as one of its components. Usually the term ‘welfare’ accompanys the descriptions of 
different state interventions, while different aspects of well-being can also emanate from 
individual behaviour change. This distinction will be maintained throughout this literature review 
and also for the whole duration of COMBI. 

Measuring well being is gaining new speed in research agenda as evidence on the failures of 
measuring welfare progress via Gross Domestic Product (GDP) indicator mounts (European 
Commission, 2013; OECD, 2014; Stiglitz et al., 2009). Although the European Union is one of the 
wealthiest regions in the world, lately poverty has been on an increase in the light of the financial 
crisis of 2008 and austerity policies (European Foundation for the Improvement of Living and 
Working Conditions, 2010). The share of population at risk of poverty in some European Union 
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member states was as high as 50% in 2012 (Pye et al., 2015). Poverty often manifests itself via ill 
health, inadequate quality of housing, poor diets, and other forms of material deprivation. 
Evidence suggests that energy efficiency interventions could be linked to a few improvements in 
welfare and well being.  

Energy efficiency improvements (EEI) in the housing sector may help to reduce energy poverty and 
associated negative aspects of well being. Although the term fuel poverty or energy poverty has 
been around already for more than two decades, there are only a handful of countries in the world 
that use the concept to craft their social welfare policies – the UK, Ireland, New Zealand, and the 
USA. Tackling energy poverty in a comprehensive way via housing renovation may achieve more 
welfare improvements than other policies, e.g. subsidies on utility bills alone. In the wake of a 
realisation of the scale of greenhouse gas emissions from the housing sector, there is a new 
impetus of research and policy in linking climate change mitigation with energy poverty (Tirado-
Herrero, 2013; Diana Ürge-Vorsatz & Tirado Herrero, 2012).  

Transport related social welfare co-benefits are probably the newest addition to the co-benefits 
family of energy efficiency. This line of research started with the article published in 2009 
investigating multiple benefits related to modal shift of passenger transportation from private 
vehicle to active mode of transport – walking and cycling – in London, the UK and New Delhi, India 
(Woodcock et al., 2009).  Since then methodologies have been refined and repeated in a number of 
cities, metropolitan areas and countries in the US, Spain, Switzerland, the Netherlands, Australia 
and New Zealand (see Table 5). The main outcome of this newly emerging field is that direct 
health benefits as a result of increased physical activity to the individual who switches mode by 
far outweigh the associated risks. Attaining the recommended level of physical activity is 
considered to be the “best buy” in preventative medicine for many decades now (Batty, 2004; 
Loprinzi, 2015; Morris & Hardman, 1997). However, these medical research recommendations 
have been largely ignored by urban planners and policy-makers. As a result of recent studies, 
physical activity is re-evaluated again in the context of climate change and air pollution.  

Despite accumulating evidence on productivity benefits, familiarity of practitioners with 
productivity benefits of EEI in buildings is low based on a survey conducted in Canada (Issa et al 
2010). Despite evidence in scientific studies, productivity and health cost savings were ranked as 
being of low importance by practitioners. “[P]roductivity and health benefits tend to be ignored 
mainly because related costs are not readily available and not easily documented, and because 
related cost savings are difficult to measure” (Issa et al., 2010 p 1708) . The authors draw 
attention to the importance of disseminating results relating to benefits of building energy 
efficiency investments among practitioners and involving them in research. Similarly, in the US, 
awareness among commercial participants regarding productivity benefits is relatively low. Of 130 
respondents, only 6 participants identified increased productivity as a benefit from lighting, HVAC 
and related measures (Pearson & Skumatz, 2002). At the same time, participants who did 
mention productivity benefits estimated that these were higher than benefits of energy savings. 
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2 Scope of the social welfare benefits 

2.1 Definition 

Social welfare and well being co-benefits accrue only to certain EEI actions from the COMBI list. 
Most of the benefits arise from EEI actions in buildings: residential, commercial or industrial. The 
remaining potential co-benefits result from modal shift in passenger transportation. This 
literature review is structured around three broad themes: (1) housing, (2) transportation and (3) 
productivity related co-benefits.  

2.1.1 Housing related social welfare co-benefits  

Among energy efficiency measures to be studied in COMBI in the housing sector, building 
envelope and heating system upgrade are the biggest drivers of co-benefits. Housing renovation 
interventions may result in three physically measurable outcomes: changes in indoor air quality, 
changes in temperature and changes in humidity (see Figure 1).  

The largest share of co-benefits of energy efficiency measures in the housing sector are 
associated with an increase in indoor average temperatures (see Figure 1). Poor housing quality 
matched with ever rising energy utility prices and stagnant or decreasing income result in a form 
of social deprivation called energy or fuel poverty. Some authors have tried to introduce a 
distinction between these two terms referring to different circumstances in the developed and 
developing countries (Li et al., 2014). However, by now the two terms have been used inter-
changeably in the study of this phenomenon, with fuel poverty dominating the Irish and British 
research and policy landscape and energy poverty found more in the language of continental 
European counterparts (Tirado-Herrero, 2013). Stefan Bouzarovski & Petrova (2015) claim that 
energy or fuel poverty in developed and developing countries is essentially the same condition – 
“the inability to attain a socially and materially necessitated level of domestic energy services” 
(Bouzarovski & Petrova, 2015 p 31). Energy poverty can be an outcome of either of them, or both: 
lack of access to energy services or unaffordable prices of fuel and energy services.  

Tirado-Herrero (2013) performed a comprehensive review of energy or fuel poverty definitions. 
The first definition of fuel poverty was proposed by (Boardman, 1991): “Inability to obtain 
adequate energy services for 10% of a household income”. Since then the definition and wording 
of the energy or fuel poverty phenomenon have varied in each and every case. There is an 
emphasis on space heating services, with electricity services coming second to be included and 
transport services never included in the scope (Tirado-Herrero, 2013). By now there are three 
approaches to measuring energy or fuel poverty: (1) expenditure approach – from a flat 10% line  
of household income to twice the median of household expenditure on energy utilities,  (2) 
tempertature-based approach – share of households with indoor temperature below the thermal 
comfort standart as defined by the World Health Organization and (3) self-reported energy or fuel 
poverty based on evidence of arrears of energy utility bills, inadequately heated housing and poor 
housing quality (Tirado-Herrero, 2013).  

Symptoms of energy poverty in the EU-28 context are a high share of energy utility bills in total 
household income, relatively low income per household combined with inadequately low indoor 
temperatures. Some authors have recommended that indoor temperatures be maintained at 
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around 18°C. Prolonged exposure of lower temperatures may be a cause of physical and mental 
diseases (Gilbertson et al., 2012; Philippa Howden-Chapman et al., 2012). The most vulnerable 
include elderly, children and pregnant women (International Energy Agency, 2014).   

Energy poverty is addressed in different ways in the member states of the European Union. Some 
have explicit fuel or energy poverty reduction strategies (UK, Ireland), but most are essentially only 
dealing with elimination of the symptoms, but not the disease (Bouzarovski, 2014; International 
Energy Agency, 2014). Well-crafted building retrofit policies could act on a few public policy goals 
at the same time: improving physical and mental health, reducing poverty, increasing disposable 
income, increasing comfort, productivity, and mitigatiing climate change. The largest co-benefits 
of energy efficiency interventions in the form of reduced morbidity and mortality can be reaped in 
households that fall under the energy poverty label (Howden-Chapman & Chapman, 2012; 
Thomson et al., 2009). Based on evidence from community trial studies, energy efficiency 
improvements are split between comfort (with health and welfare benefits) and lower energy use 
(energy bill reduction)  (see Table 4: ). Increase in comfort can take a few forms: increase in 
average indoor temperature, increase in the total area heated, or both. Energy savings foregone 
comfort imporvements can be considered a rebound effect of energy efficiency interventions in 
the housing sector. One of the strongest positive outcomes for well-being is improved mental 
health due to a reduction in energy bills (International Energy Agency, 2014). Since low income 
households face tough choices in the form of “eat or heat”, energy efficiency interventions could 
also have a positive health impact due to improved diets (Howden-Chapman & Chapman, 2012). 

Indoor air quality is considered to be a problem especially in developing parts of the world due to 
poor quality of fuels and technologies used in domestic heating and cooking (Wilkinson et al., 
2009). The developed part of the world, including the European Union, has largely solved this 
issue, but other challenges of indoor air quality remain (see Figure 1). House furnishings and 
building materials may be a cause of indoor air pollution as a result of evaporation and other 
forms of permeation into the air. The air pollutants in question are benzene, formaldehyde, 
naphthalene, nitrogen dioxide, polycyclic aromatic hydrocarbons and tetrachloroethyene (World 
Health Organization, 2010b). Health effects range from leukemia, genotoxicity, irritations, 
allergies, headaches, respiratory symptoms, lung cancer, immunity related illnesses and others. 
Housing retrofit may solve indoor air quality problems to some extent by replacing dangerous 
construction materials and introducing an efficient ventilation system that could dilute the air 
pollutant concentration with outdoor air. In the latter case, the quality of outdoor air would also be 
site-specific and could present some trade-offs.  

A well thought-through housing retrofit programme could also remove the remaining dangerous  
materials from the housing environment, i.e. asbestos, and could improve prevention measures 
against some naturally occurring pollutants, i.e. radon. The co-benefits of reduced radon exposure 
are evaluated in the study that assesses multiple benefits of thw whole housing sector renovation 
in Ireland (Brophy et al., 1999). 

Although asbestos mining and use is now banned in most of the developed world, exposures to 
remaining asbestos in buildings continue to pose a threat to human health (Sim, 2013). Asbestos 
was formerly used as a fire-resistant insulation material. The European Union banned its use in 
1998-1999 (Gee & Greenberg, 2002), but it has remained a danger to health via traces in 
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previously existing buildings (Kameda et al., 2014). Occupational health problems may arise in 
dealing with the removal of asbestos unless precautions are taken beforehand (European 
Commission, 2012).  

Radon is a naturally occurring gas that is dangerous to human health and can be a cause of lung 
cancer. The distribution of this problem depends on geological circumstances in each country and 
each locality. Overall radon is the second largest cause of lung cancer after tobacco and lung 
cancer cases related to radon exposure are in the range of 3-14% (World Health Organization, 
2009).   

Excess indoor humidity is the third element affecting well being (see Figure 1) and may be caused 
by draughts, high air tightness indoors and high humidity outdoors. Humidity or dampness leads 
to microbial, fungal and bacterial growth that may eventually be a cause of respiratory problems, 
allergies, asthma and immunity-related problems. It is unclear how pervasive the problem of 
dampness of the building stock is, but it may be as high as 50% in some regions of the world, e.g.  
coastal zones or valleys (Heseltine et al., 2009). Overall around 13% of all dwellings in Europe are 
thought to have a dampness problem (Kolokotsa & Santamouris, 2015). Well-crafted energy 
efficiency interventions could cure dampness problems in housing. On the other hand, there are 
early warnings that increasing air tightness by building envelope insulation and excluding 
ventilation measures increases dampness (Bone et al., 2010; Dimdina et al., 2014; Doty & CEM, 
2009; Shrubsole et al., 2014).  

A mix of indoor air pollution with dampness may be a cause of the Sick Building Syndrome – 
certain symptoms related to an individual’s presence in the building (Redlich et al., 1997).  
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Figure 1: Social welfare related co-benefits as a result of energy efficiency improvement actions in housing sector.  

 

2.1.2 Transport related social welfare co-benefits  

Among transport related energy efficiency interventions studied in COMBI, modal shifts have the 
largest potential to be transformative for the well-being of an individual and society. Figure 2 
depicts an attempt to map direct effects as a result of a switch away from motorized passenger 
transportation towards active modes of transport based on a literature review on the subject 
matter (see Table 5).   

The basic assumption underlying this relatively new field of research is that a significant share of 
journeys in urban environments are relatively short and could be easily replaced by walking, 
cycling, public transport or a combination of these options. For instance, 55% of car trips in the 
London area were shorter than 8km and 11% of them were shorter than 2km (Woodcock et al., 
2009). Other studied cities report similarly high percentages of short car trips (see Table 1).  

Table 1:  The share and length of short car trips in selected cities based on modal shift co-benefit studies. 

  

London area, UK (2001 data) 
55% < 8km 
11% < 2km  

Adelaide, Australia (2012 data) 18% < 5km 
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5km < 20% <10 km 

San Francisco Bay Area (2000 data) 
24% < 2.4km 
2.4km < 33.8% < 8km 

USA on average (unknown data year) 
28% < 1.6km 

1.6km < 41%< 3.2km 
  

Sources: Grabow et al., 2011; Maizlish et al., 2013; Woodcock et al., 2009; Xia et al., 2015 

The most significant co-benefits of a modal shift towards active modes of transport arise from 
increased physical activity for the individual who actually makes the switch (see evidence 
presented in Table 5). Contemporary life in urban environments is characterised by comfort, 
supported by modern technologies that reduce the need for physical activity (e.g., motorized 
transport, predominant form of sedentary types of work, various technologies that replace 
manual labour). Urban planning that does not take into account physical activity needs leads to 
unhealthy urban populations.  

Physical activity is necessary for human health and well-being. A lack may cause obesity, various 
physical and mental diseases and pre-mature mortality. The list of diseases related to inadequate 
physical activity is long: stroke, ischemic heart disease, type-2 diabetes, colon cancer, breast 
cancer, dementia, Alzheimer’s disease, depression (Götschi et al., 2015; Rojas-Rueda et al., 2013).  
Lack of physical activity is currently the 4th leading risk factor of global mortality after high blood 
pressure, tobacco use and high sugar glucose (World Health Organization, 2010a). Therefore, 
replacing short car trips with walking, cycling, public transport 1or any combination of those could 
fill up for the necessary daily physical activity value ensuring physical and mental well-being.  

Associated co-benefits would include reduced congestion, noise pollution and air pollution to the 
general population (see Figure 2). Among negative effects to the individual, switching transporta-
tion mode can increase air pollution exposure due to more intensive respiratory activity, but the 
health effects of that are in all cases estimated to be minor compared to the health effects of 
increased physical activity (de Hartog et al., 2010) (seeTable 5). In addition, there is a considerable 
amount of disagreement over the modal shift effect on traffic related injuries and fatalities. Some 
researchers estimate reductions in traffic accidents due to a general decrease in traffic intensity to 
the general population and those switching the mode of transportation (Maizlish et al., 2013; 
Woodcock et al., 2009; Xia et al., 2015) (see Table 5). Others predict and warn of short-term 
increases of traffic related accidents for cyclists unless there are accompanying public safety 
interventions (de Hartog et al., 2010; Macmillan et al., 2014; Rojas-Rueda et al., 2012) (see Table 
5).   

Secondary/indirect co-benefits as a result of a modal shift may include, among others, 
improvements in social cohesion, lower crime rates (Rabl & de Nazelle, 2012) and better diets (de 
Nazelle et al., 2011).  

                                                             
1 It is assumed that even taking public transportation the recommended daily value of physical activity may be reached by walking or 
cycling to the public transport stop and by walking or cycling to the destination after a ride with public transport. 
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Figure 2: Social welfare related co-benefits of modal shift in passenger transport towards active modes of transport – cycling and 
walking.  

2.1.3 Productivity-related social welfare co-benefits  

An increase in productivity is defined as achieving higher levels of output with the same level of 
input, or conversely, needing lower levels of inputs to achieve the same level of output. Energy 
efficiency measures in commercial buildings can impact the indoor environment in the building, 
thereby enhancing productivity of labour, i.e. achieving higher outputs with the same workforce. 
Energy efficiency measures in industrial manufacturing processes can simultaneously result in 
savings in the factors of capital or labour, in natural resources and in intermediate inputs. 

The literature on productivity impacts of the internal environment is quite vast and impacts of high 
and low temperatures on productivity in commercial buildings well studied. Many authors have 
noted the link between temperature and productivity. de Dear et al. (2013) provide an overview of 
the advances made in this field of research, noting that climate change has been a driver of the 
recent growth in research on productivity.  

Witterseh et al., (2004) found that subjects who felt too warm made 56% more errors during a 
mathematical addition task. Lan et al., (2011) also found in their study on the impact of 
temperature on 13 different office tasks, that with the exception of performance of the task ‘text 
typing’, the performance of all other tasks decreased with rising temperature (comparing 30 ◦C 
and 22 ◦C). Seppanen et al (2004) find that an average of 2% decrease in work performance per 
degree Celsius occurs when the temperature is above 25°C. For temperatures below thermal 
neutrality, manual tasks are more difficult to perform due to lower blood flow, also decreasing 
productivity. They estimate that night-time ventilative cooling to address high temperatures 
result in productivity improvements that are 32 to 120 times the cost of energy. 
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Figure 3: Performance decrements vs. temperature.  

Source: (Seppanen et al., 2004) 

Despite the wealth of research in the field, only a fraction of the authors have made the link 
between thermal comfort and energy efficiency improvement actions. Examples include Fisk 
(2000), Tanabe et al., (2015) and Ürge-Vorsatz et al. (2009). In the existing literature, productivity 
benefits resulting from EEI have been found to be mainly relevant for commercial buildings and 
industrial manufacturing processes. 

The impact of EEI actions in commercial buildings on productivity are realised via the impact on 
indoor environment, in particular on temperature and lighting, which enhance health and comfort 
and impact labour productivity.  Fisk (2000) reviews the impact of indoor environments on 
productivity change, in particular through improvements related to communicable respiratory 
illnesses, allergies and asthma, and acute nonspecific health symptoms referred to as sick building 
syndrome symptoms. According to Fisk (2000), the benefits of improving productivity through 
energy efficiency measures at company level could be high, in particular in non-industrial buildings 
where the cost of salaries far outweighs energy and maintenance costs.  
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Table 2: Examples of EEI actions that often improve indoor environmental quality 

Energy Efficiency Action Predominant Influence on Indoor Environment or Productivity 

Energy efficient lamps, 
ballasts, fixtures 

Improved lighting quality and occupant satisfaction. Productivity may increase when work is visually 
demanding. 

Outside air economizer for 
free cooling 

Generally, indoor environmental quality will improve owing to increase in average ventilation rate. 
Potential productivity gains from reduced respiratory disease and sick building syndrome (SBS). 

Heat recovery from 
exhaust ventilation air 

If heat recovery allows increased outside air, indoor environmental quality will usually improve. Potential 
productivity gains from reduced respiratory disease and SBS. 

Nighttime precooling using 
outdoor air 

Nighttime ventilation may decrease indoor concentrations of indoor-generated pollutants when 
occupants arrive at work, leading to reduced SBS. 

Operable windows 
substitute for air 
conditioning 

On average, occupants of buildings with natural ventilation and operable windows report fewer SBS 
symptoms. 

Increased thermal 
insulation in building 
envelope 

Potential increase in thermal comfort because insulation helps heating/ventilation/air conditioning 
system satisfy thermal loads and because of reduced radiant heat exchange between occupants and 
building envelope. 

Thermally efficient 
windows 

Improvements in thermal comfort from reductions of drafts and radiant heat exchange between 
occupants and windows. Reduces condensation on windows and associated risks from growth of 
microorganisms. 

  

Source: (Fisk, 2000) 

(Fisk, 2000) relates productivity to health, implying a large overlap between health and 
productivity benefits. (Tanabe et al., 2015) take a different approach and examine the relationship 
between individual thermal satisfaction and productivity using a subjective approach, unrelated to 
any measureable health impacts that indoor temperatures may have on office workers. They 
assess the impact of cool biz (removing jackets and ties to enhance thermal comfort in a warm 
office) and find that actual air temperature was weakly related to perceived performance, whereas 
individual thermal comfort correlated well with self perceived performance. (de Dear et al., 2013) 
also use a model of thermal comfort which is unrelated to morbidity. “[T]he implicit chain of 
causation is that indoor thermal environments affect physiological thermoregulation and 
psychological process involved in thermal comfort, which may in turn affect performance at 
certain tasks that may interact with other factors to affect overall productivity of the building 
occupant.” (de Dear et al., 2013 p 453) 

There is clear evidence that there is a link between productivity and energy efficiency improve-
ment actions in commercial buildings. (Pearson & Skumatz, 2002) also find some evidence of such 
a link in the transport/shipping sector, but do not elaborate on the size of these benefits. In 
addition, it is conceivable that EEI in residential buildings also has spillover impacts in the 
commercial sector by positively impacting worker health, but studies on this topic have not been 
identified.  

In industrial production, by definition, EEI will increase the energy productivity of manufacturing as 
the same level of output can be achieved with less energy, or conversely, the same amount of 
energy can be used to produce more output. This increase will result in energy cost savings for 
companies which is not discussed among the MIs in the COMBI project. However, as a result of 
EEI there may also be additional improvements in labour or capital productivity, or savings in 
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intermediate goods or primary resources. In industrial production, links between observed energy 
efficiency/energy intensity and productivity have been established in several studies, but 
sometimes the causal link is not clear and studies stop short of stating that EEI is generally and 
directly responsible for improving productivity. Productivity impacts of industrial EEI are less 
certain than they are for commercial buildings, as there seems to be no a priori reason why higher 
energy efficiency should necessarily be coupled with higher levels or quality of output. 
Nevertheless, positive examples of such cases do exist. 

Boyd & Pang (2000) have identified a correlation between energy efficiency and productivity in the 
flat glass sector in the US. The causal link between productivity and energy efficiency is not clear 
in this case. The authors state that “[i]f higher energy intensities are significantly related to plants 
with low productivity, the implications are that policies that are focused on energy efficiency, e.g. 
greenhouse gas policy, may not cost as much once the non-energy benefits are included”  (Boyd & 
Pang, 2000 p 290), seemingly implying that energy efficiency can result in productivity increase. 
On the other hand, they also acknowledge “the difficulty in determining a causal linkage” between 
observed energy intensity and productivity, and state that “productivity differences are important 
determinants of energy efficiency” (Boyd & Pang, 2000 p 290). 

(Worrell et al., 2003) find that technologies which reduce energy use may enhance the production 
process in a number of other ways, including increased production and product quality. They 
provide several examples from the literature, but at the same time acknowledge that their review 
may be biased as less successful examples may not be published. Of the 77 studies reviewed by 
(Worrell et al., 2003) 12 studies found accompanying reductions in waste/materials, 5 studies 
found a reduction in water usage, 20 studies identified benefits related to reduced wear and tear 
of equipment and 8 studies identified the benefit of reduced labour costs. 

2.2 Evaluation perspectives 

2.2.1 Housing related social welfare co-benefits  

Most studies documenting social welfare co-benefits in the residential sector are carried out on a 
household level (see Table 4). These studies come in the form of ex-post evaluation of housing 
renovation programmes for low-income households.  

Two studies in the field have employed an ex-ante approach to the whole building stock on a 
country level – Ireland and Hungary (Brophy et al., 1999; Tirado-Herrero, 2013). Both apply social 
cost benefit analysis framework to evaluate multiple co-benefits of housing stock renovation 
programmes: avoided greenhouse gas emissions, avoided air pollution, comfort, avoided excess 
mortality and morbidity.  

2.2.2 Transport related social welfare benefits co-benefits 

Most of the studies assessing the co-benefits of modal shift toward active modes of transport are 
carried out on a city or metropolitan scale  (see Macmillan et al., 2014; Maizlish et al., 2013; Rojas-
Rueda et al., 2013, 2012; Woodcock et al., 2009; Xia et al., 2015 and Table 5). Other studies limit 
their scope to urban areas in a certain region only (Grabow et al., 2011; Woodcock et al., 2013). 
One study compares the physical activity of the entire populations of the Netherlands, 
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Switzerland, England and California and predicts changes in health effects if the best practices in 
walking and cycling were adopted (Götschi et al., 2015). 

Co-benefits (decrease in air pollution, noise, traffic) are estimated for the general population, and 
for the individual who changes the travelling mode (increase in physical activity, risks of air 
pollution and traffic accidents) (see Table 5 ).  

2.2.3 Productivity related social welfare co-benefits  

The evaluation perspective of all reviewed studies focuses on the level of the firm or sector, with 
the exception of Skumatz et al. (2000) who also provide estimates from a societal perspective. All 
studies have focused on methodologies which identify productivity benefits at the micro level 
(firms, or at the level of industries). For EEI in commercial buildings productivity benefits are 
closely related to health and comfort benefits. Whereas the literature on productivity focuses on 
the micro level, the literature on health impacts also encompasses macro-economic impacts. 
“Health is an important form of human capital. It can enhance workers’ productivity by increasing 
their physical capacities, such as strength and endurance, as well as their mental capacities, such 
as cognitive functioning and reasoning ability. [...] There are plausible pathways through which 
health improvements can influence the pace of income growth via their effects on labor market 
participation, worker productivity, investments in human capital, savings, fertility, and population 
age structure. [...] Nearly all studies that have examined economic growth in this way have found 
evidence of a positive, significant, and sizable influence of life expectancy (or some related health 
indicator) on the subsequent pace of economic growth” (Bloom & Canning, 2005 p 1-2). It follows 
that any energy efficiency improvement action which has a sizeable health impact will also impact 
macro-economic growth. However, to date, studies have not explored this dimension of the 
productivity benefits of large scale energy efficiency investments. 

3 Methodologies and Results 

3.1 Evaluation approaches 

3.1.1 Housing related social welfare co-benefits  

There are three kinds of evaluation approaches employed in studies linking housing quality and 
energy efficiency co-benefits (see Table 4).  

The prevalent design of studies involves qualitative surveys and observations (of temperature, 
morbidity) of low-income households before and after energy efficiency interventions (see Table 
4). In some cases the study design involves a comparison with baseline conditions in a similar 
non-intervention sample of households (Chapman et al., 2009; Howden-Chapman et al., 2008).  

The second design of studies involves forecasting costs and benefits of country-level energy 
efficiency interventions in the housing sector. There are not many examples of such studies – one 
in Ireland (Brophy et al., 1999; Clinch & Healy, 2001) and another in Hungary (Tirado-Herrero, 
2013). Social cost benefit analysis is the underlying framework of these studies, while separate 
elements are modelled and evaluated using different methods. Among social aspects of EEI 
actions these studies estimate and monetize excess winter mortality, morbidity and comfort.   



D5.1 Literature review of social welfare impacts of energy efficiency improvement actions COMBI   GA No. 649724 

 16 

The third design of studies employs available national statistics to extract the figures of excess 
winter deaths in different countries. Excess winter deaths can be caused by numerous factors, 
among them – poor quality of housing insulation and energy poverty. However, attributing the 
number of excess winter deaths to poor housing quality is challenging. The first study in this field 
employed a comparative approach. Seemingly similar populations of Ireland and Norway in terms 
of lifestyle, demographics, nutrition, and climate were compared. Housing insulation standards 
being high in Norway and low in Ireland, all other things being almost equal, excess winter deaths 
in Ireland were calculated (Clinch, 2000). Further studies continued estimating the extent of 
excess winter deaths across Europe (Fowler et al., 2015; Healy, 2003). 

3.1.2 Transport related social welfare co-benefits  

All modal shift studies are forward looking and based on different scenarios using backcasting or 
forecasting method. Most of them are limited to studying three principal effects: the effect of 
increase in physical activity, the effect of avoided air pollution or its increased exposure and the 
effect of traffic accidents. Noise and traffic congestion effects are less studied (see Table 5). All 
three health effects are studied separately using separate methodologies and the results are 
compared eventually.  

Increased physical activity has an effect on multiple types of diseases, therefore a multi-morbidity 
framework is composed based on comparative risk assessment, relative risk methodologies or 
health impact assessment methodologies drawing from epidemiological studies. A simplified tool 
for modal shift studies - integrated transport and health impacts model (ITHIM) - has been 
prepared by Woodcock et al. (2009) and this method has been replicated in a few case studies 
already (see Table 5). Alternatively, some studies have relied on the methodological tool prepared 
by the World Health Organization – a health economic assessment tool (HEAT) (Kahlmeier et al., 
2013).  

The health effects of avoided air pollution are measured using similar methodologies as in COMBI 
WP 3 literature review on avoided air pollution. These involve multiple steps: estimation of a 
decrease in fuel use, a consecutive decrease in air emissions, modelling or relying on already 
existing air pollutant dispersion models, and finally estimation of health effects based on 
epidemiological studies on exposure-dose-response relationships. 

Finally estimation of traffic accidents is mostly carried out using the Haddon matrix analytical 
model and approach (Peden & World Health Organization, 2004).  

 

3.1.3 Productivity related social welfare co-benefits  

In general, “[r]esearch into the sources of productivity growth has taken many disparate routes, 
from aggregate theoretical modeling to firm-level empirical explorations. [...] The workhorse of 
traditional productivity research is the Solow growth model, and its extensions that include 
endogenous growth features such as R&D and human capital” (Bartelsman, 2010 p 1891-1893). 
Alternative to this is the study of individual firms, either via comparison of firms within a sector 
across geographic areas, or based on longitudinal micro-level datasets (Bartelsman & Doms, 
2000). However, in the context of energy efficiency multiple impacts in both commercial buildings 
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and the industrial manufacturing, the overwhelming majority of studies are micro-level studies 
which have been carried out at the level of companies or sectors. 

Several methods have been used to estimate productivity benefits. Skumatz et al. (2000) and 
Pearson & Skumatz (2002) surveyed participants of energy efficiency investments in commercial 
buildings, and asked respondents to compare the size of non-energy benefits to the size of the 
energy saving in monetary terms. Skumatz et al. (2000) deliberately chose not to elicit willingness 
to pay through contingent valuation surveys due to fear of respondents having difficulty in 
grasping the concept and guessing at figures. Seppanen et al. (2004) conducted a meta survey of 
existing studies to estimate physical labour productivity impacts resulting from a deviation of 
temperatures from a comfort zone, and used the value of an hour of work to calculate monetised 
benefits. For industrial productivity benefits. Worrell et al. (2003) suggest identifying and 
quantifying physical benefits and assigning costs to them using information on (market) values of 
intermediate inputs such as materials or energy, or of capital or labour costs. Generally, in order to 
monetise the benefits of savings in labour, capital, intermediate products and resources resulting 
from EEI the preferred method in the literature is to use market prices. 

Worrell et al. (2003) use information on productivity related benefits and present their results as a 
modified energy supply conservation curve, shown in Figure 4. 

 

Figure 4: Conservation supply curves for the US iron and steel industry without productivity benefits and including productivity 
benefits.  

Source:  (Worrell et al., 2003) 

3.2 Quantification and monetization 

3.2.1 Housing related social welfare co-benefits  

Most studies evaluate indoor temperature driven health co-benefits of low-income housing, with 
less emphasis on indoor air pollution and dampness issues. Energy efficiency improvements can 
be reaped as 100% improvement in indoor temperature (possibly also increasing the total space 
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heated), as 100% energy bill savings maintaining the indoor temperatures stable or any 
combination involving a split into indoor temperature rise and energy bill savings. Increase in 
comfort is a form of rebound effect in housing related EEI actions. According to existing studies 
(see Table 4), the size of the rebound effect related to an increase in comfort can lower estimated 
energy savings depending on the choice made by individual households (Howden-Chapman et al., 
2009). The effect on disposable income depends on how housing renovation programmes are 
financed. There may be a significant disposable income effect in case the state covers all costs 
related to housing renovation. In case households have to bear the full cost, the disposable 
income effect may only take place once the pay-back period of the initial investment is over. 
Therefore, estimating the split between comfort and disposable income effect on a macro scale 
poses methodological challenges. 

Few studies of housing energy efficiency have monetized estimates of co-benefits. Only those 
with an ex-ante approach choose to assign a value to a human life (Brophy et al., 1999; Clinch & 
Healy, 2001; Tirado-Herrero, 2013). Others choose to estimate associated co-benefits, like 
number of visits to a doctor, days off school, days off work, hospital admissions (Chapman et al., 
2009). The most extensive evaluation of social welfare related co-benefits of energy efficiency in 
the housing sector is to be found in a case study evaluating the low-income housing weatheriza-
tion programme in the USA (Schweitzer & Tonn, 2003). Monetary valuations are based on an 
extensive literature review of associated costs and benefits.  

3.2.2 Transport related social welfare co-benefits  

Few studies of co-benefits of modal shift provide monetary estimates (see Table 5 for an 
overview of studies). Instead, most choose to present results in non-monetized form using one or 
a combination of the indicators from health studies, e.g. burden of disease, disability-adjusted life 
years, pre-mature deaths. Contingent valuation methods are used to turn health indicators into 
monetary estimates. Rabl & de Nazelle (2012) provide monetary estimates ready-to-use in the 
European context for various health and transport assessment studies. According to their 
calculations, annual monetary health benefits for an individual who switches from car to bicycle 
(at least 5km 5 days a week and 46 weeks per year) are equal to 1300 EUR due to physical activity 
increase and a cost of 20 EUR due to increased exposure to air pollutants. Avoided air pollution 
benefits for the general population are equal to 30 EUR per year per person. The public value of 
reduced noise as a result of 1 km driven by bicycle is 0.76 EUR, and the value of reduced 
congestion 0.75 EUR (Rabl & de Nazelle, 2012).  

3.2.3 Productivity-related social welfare co-benefits  

D. Ürge-Vorsatz et al. (2009) have reviewed studies which demonstrated the impacts of energy 
efficiency on productivity through improving worker health and comfort. These impacts result 
from changes in lighting, ventilation and thermal control which impact the immediate surround-
ings of workers. According to Ürge-Vorsatz et al. (2012 p 721) productivity increase “may reach 
about 6–16% in efficient buildings (Lovins, 2005) which translates into direct financial benefits: a 
1% increase in productivity, ~5 minutes/employee/day, is calculated at US$600–
700/employee/year or US$3/feet2/year in the United States (Kats et al., 2003).”  
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4 Methodological challenges 

4.1 Distributional aspects and context dependencies 

There are two important context dependencies in the housing renovation sector. The first one 
relates to the financing mechanisms of housing renovation. In case housing renovation is financed 
fully from public budgets, a positive disposable income effect is likely to occur without a delay. 
Otherwise, disposable income effect will take place only after pay back. Increased demand for 
comfort is another factor that may inhibit the disposable income effect from taking place. After 
the housing renovation, households have a choice to reap the benefits via reduced utility bills, via 
increased comfort (increase in indoor temperatures and increase in heated space) or any 
combination of the two. These behavioural aspects are of crucial importance to the estimation of 
co-benefits. 

Estimating the change in traffic related accidents as a result of a modal shift in transportation is 
also context-dependent. If the modal shift takes place in a location with developed infrastructure 
to accommodate this change in behaviour (i.e. walking, cycling infrastructure, developed public 
transport), then the effect on traffic accidents could be positive – reduced number of fatalities and 
injuries. Otherwise, an increase in traffic related fatalities and injuries could be expected. Results 
on estimated traffic related accidents diverge due to assumptions on potentially accompanying 
improvement in infrastructure and possibly also due to accounting for short versus long term 
effects (see Table 5).  

Productivity benefits of industrial energy efficiency are dependent on the specific technology 
utilised, as there is no a priori reason why energy savings should result in higher productivity, 
either via savings in other resources and materials, or in labour or energy costs. Examples of 
energy savings being coupled with more labour or capital-intensive solutions are equally possible. 
Therefore these productivity benefits are highly context specific. 

The productivity benefits of EEI in commercial buildings also depend on context, in particular on 
the level of initial productivity of workers, and on the value of their labour which may significantly 
impact monetary estimates.  

4.2 Interrelations of multiple benefits  

Preliminary identified interrelations with other work packages of COMBI are mapped in Table 3.  

Due to the common study object of human health, a direct link to WP3 on avoided air pollution 
exists. In the following, the work package on social welfare will focus on diseases primarily arising 
as a result of thermal discomfort in indoor environments, while WP3 will focus on airborne 
diseases, associated morbidity and pre-mature mortality. It is likely that a significant share of 
population could be affected by both, and thermal discomfort may exacerbate any pre-existing 
human health symptoms and diseases. The relationship between indoor and outdoor air quality is 
not adequately well explored.  

The rest of interrelations of this work package could affect the estimates of WP6 on macroeco-
nomic effects. There are linkages to (1) reduced burden on public health care budgets as a result of 
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increased thermal comfort and reduced morbidity, (2) increased burden on public budgets in case 
housing renovation is fully or partially sponsored by public budgets, and (3) some associated 
changes in public spending in order to accommodate modal shift in transportation, (4) reduction in 
tax revenue to the public budgets due to a decrease in fuel use. 

 

Table 3: Interaction of social welfare benefits with other multiple impacts. 

MI Resources Type of interaction  

Air Pollution Health Possible links between indoor and outdoor air pollution and related illnesses. 

Eco-system  

Crops  

Built environment  

Resources Organic resources  

Non-organic resources  

Energy resources Reduced fuel use in housing and transport sectors 

Social welfare/ 
commercial 
productivity 

Disposable income/fuel 
poverty reduction 

 

Improved comfort  

Health   

Productivity in commercial 
buildings 

 

Macro-economy Employment  

GDP Increase in GDP as a result of increase in disposable income and increased 
productivity. 

Public budget (1) Reduced burden on public health care budgets as a result of reduced 
morbidity. (2) Increased public spending in case housing renovation is fully or 
partially financed from public budget. (3) Changes in public spending to 
accommodate modal shift: possible increase in spending for further 
development of public transport, infrastructure for cycling and walking, possibly 
some redevelopment of urban areas, but possibly decreased spending on road 
infrastructure (?). (4) reduced tax income as a result of reduction in fuel use in 
transport and housing 

Energy system/ 
security 

Energy system costs  

Energy security  
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5 Annex: Review of relevant social welfare studies in the industrial, residential and transport sectors 

Table 4: Relevant studies analysing social welfare implications of energy efficiency measures in the residential sector. 

Source 
(reference) Case description Method used 

Magnitude of the MI, non-monetary, 
absolute terms 

Magnitude of the MI, monetary terms (if available) Magnitude of the MI (as % of 
direct benefit, or other 
indicator if it this is not 
relevant) 

(Brophy et al., 
1999; Clinch, 
2000; Clinch & 
Healy, 2001) 

Cost-benefit analysis 
of the building retrofit 
programme in Ireland 

Cost-benefit analysis; excess 
mortality evaluated via 
comparative analysis with 
Norway controlling for other 
factors except for housing 
insulation standards, monetary 
value obtained using contingent 
valuation methods; excess 
morbidity – comparative 
analysis of winter months with 
non-winter months and 
monetizing it via hospitalization 
and medication costs, comfort – 
evaluating the value of energy 
savings foregone as a result of 
improved thermal conditions 
after retrofit. 

Average excess winter deaths in Ireland in 
1986 – 1995 from cardiovascular disease 
– 381, from respiratory disease – 271.  
Excess winter morbidity due to 
cardiovascular diseases in Ireland in 1996 
and 1997 – 4% and 3% of all cases, and due 
to respiratory diseases – 14.4% and 14.6% 
respectively.   

The value of avoided mortality and morbidity over the 
total lifetime of the project of 10 years at 5% discount 
rate: 912 million Irish pounds. 
The value of increased comfort: 363 Irish pounds.  
The value of avoided GHG and air pollution emissions 
benefit: 310 million Irish pounds. 
Pay-back period: 7 years 
 

Avoided mortality and 
morbidity 25% of total social 
benefits; increased comfort  
- 10%, and avoided GHG and 
air pollution emissions - 8% 
of net social benefits.  

(Healy, 2003) Assessment of 
excess winter 
mortality in 14 
European Union 
countries in 1988–
1997 and testing 
relationships with 
different potential 
influence factors 

Excess winter mortality 
calculated using monthly 
mortality data contrasting 
summer and winter months; 
regression analysis used to test 
the relationship between excess 
winter mortality rate and 
different factors.  

Highest rates of excess winter mortality: 
Portugal (28%), Spain (21%), and Ireland 
(21%).  Smallest: Finland (10%), Germany 
(11%), the Netherlands (11%).  

Not available Not available 

(Hong, 
Gilbertson, 

Assessment of 
changes in comfort 

Household survey, 
measurement of indoor 

Mean indoor temperature has increased 
from 17.1C before the interventions to 19C 

Not available Not available 
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Source 
(reference) Case description Method used 

Magnitude of the MI, non-monetary, 
absolute terms 

Magnitude of the MI, monetary terms (if available) Magnitude of the MI (as % of 
direct benefit, or other 
indicator if it this is not 
relevant) 

Oreszczyn, 
Green, & Ridley, 
2009) 

as a result of 
England’s ”Warm 
Front” programme 
aiming to refurbish 
houses of low-
income households 

temperatures relating those to 
the types of energy efficiency 
interventions and energy use  

after the interventions. The reported share 
of households feeling thermally 
comfortable has increased from 36.4% to 
78.7% (total 2500 households).  No 
reductions in energy use observed on 
average. 

(Schweitzer & 
Tonn, 2003) 

Assessment of non-
energy benefits of 
low-income housing 
weatherisation 
programme in the US 

Values of benefits are drawn 
from secondary literature on 
benefits in the US, averaged or 
adjusted.   

Not available Ratepayer benefits related to payment: subsidies 
avoided (21 USD); lower bad debt write-off (89 USD); 
reduced carrying cost on arrears (57 USD); fewer 
notices and customer calls (6 USD); fewer shut-offs 
and reconnections for delinquency (8 USD).  In total (net 
present value) 181 USD per participating household in 
2001. 
Ratepayer benefits related to service: fewer emergency 
gas service calls (101 USD); transmission and 
distribution loss reduction (48 USD); insurance savings 
(1 USD). Total (net present value) 150 USD per 
participating household in 2001.  
Benefits to households – affordable housing: water and 
sewer savings (271 USD); property value benefits (180 
USD); avoided shut-offs and reconnections (17 USD); 
reduced evictions and moving (278 USD); reduced 
transaction costs (37 USD). Total (net present value) 
783 USD per participating household in 2001. 
Benefits to households –safety health and comfort: 
fewer fires (68 USD); fewer illnesses (55 USD). Total 
(net present value ): 123 USD per participating 
household in 2001. 
The total estimate of non-energy benefits per 
weatherising a home is 3346 USD in 2001  prices.  
 

Rate payer benefits – 10 % 
of total non-energy benefits 
per household; affordable 
housing benefits – 23%, 
safety, health and comfort – 
4%.  

(Milne & 
Boardman, 2000) 

Evaluation of UK 
domestic energy 

Data collected monitoring 
households before and after 

At pre-intervention indoor temperature of 
16.5C, 30% of the energy efficiency 

Not available Comfort 20-30%, energy 
consumption/bill reduction – 
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Source 
(reference) Case description Method used 

Magnitude of the MI, non-monetary, 
absolute terms 

Magnitude of the MI, monetary terms (if available) Magnitude of the MI (as % of 
direct benefit, or other 
indicator if it this is not 
relevant) 

efficiency programme 
results in studying 
increase in comfort 
versus energy 
savings 

energy efficiency interventions; 
measurements of indoor 
temperature and energy 
consumption.  

improvement would be taken as an 
increase of comfort due to higher indoor 
temperatures and the rest 70% as energy 
and bill savings.; at 14C, 50% of as comfort 
and 50% as energy consumption/bill 
savings; only at 19C, 20% of would be 
taken back as comfort and 80% as energy 
consumption/bill savings.  
 

70-80% for low-income 
households with thermal 
discomfort. 

(Chapman et al., 
2009) 

A cost-benefit 
analysis of housing 
retrofits in New 
Zealand with a focus 
on health outcomes.  

Randomized trial of low-income 
households in which at least 
one member suffered from 
respiratory diseases before the 
intervention; different 
observations and 
measurements taken: 
temperature, indoor air quality, 
energy consumption, health and 
wellbeing observations; control-
baseline group studied and 
intervention group and the 
results compared; some co-
benefits monetized, comfort 
and avoided mortality not 
monetized.  

A decrease of GP (general practice doctor) 
visits in winter months by 48 per 1000 
population comparing baseline and 
intervention groups.  
Reduction of inpatient nights  due to 
respiratory diseases by 107.8 per 1000 
population and outpatient admissions 
reduction of 0.6 per 1000 population.  
Reduction in days off school: 512 per 1000 
of respective population for 6-11 year olds 
and 1316 per 1000  of respective 
population for 12-18 year olds.  
Reduction in days off work: 102 per 1000 
of adults. 
 

A 5% discount rate net present value over 30 years per 
household: change in GP visits -165 NZD (remark: not 
clear why negative - due to excess winter morbidity or 
due to differences in self-reported visits and GP 
records as mentioned in methods) ; reduced hospital 
admissions due to respiratory diseases 2231 NZD;  
reduced days off school 242 NZD; reduced days off 
work 179 NZD. 
 Total benefits 3374 NZD.   

Benefit–cost ratio is 1.87:1, 
at a 5% discount rate and the 
ratio is 1.59:1 at a higher 
discount rate of 7%. Around 
2/3rds of benefits from 
reduced hospitalizations.  

(Fowler et al., 
2015) 

Assessment of 
excess winter 
mortality in 31 
European countries 
between 2002/2003 
and 2010/2011 

Excess winter mortality 
calculated using monthly 
mortality data contrasting 
summer and winter months 

Highest excess winter mortality estimated 
for Malta (28.3%), Portugal (25.9%), Spain 
(18.6%), Cyprus (19.4%). No clear 
relationship detected between excess 
winter mortality and and average winter 
temperature across Europe. No other 
factors tested. 

Not available Not available 

(P. Howden- Assessment of Randomized control trial: Improvement in lung  function insignificant Not available Not available 
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Source 
(reference) Case description Method used 

Magnitude of the MI, non-monetary, 
absolute terms 

Magnitude of the MI, monetary terms (if available) Magnitude of the MI (as % of 
direct benefit, or other 
indicator if it this is not 
relevant) 

Chapman et al., 
2008) 

potential health 
effects of residential 
energy efficiency 
improvements on 
children with asthma 
in New Zealand 

observation and measurement 
of various indicators of baseline 
community and intervention 
community before and after.  

- difference in mean FEV1 130.7 ml.  
Average living room temperature of 
intervention households was 17.07°C 
compared with 15.97°C for control 
households, the average temperature in 
the child’s bedroom for intervention 
households was 14.84°C compared with 
14.26°C for control households.  
Children in the intervention group 
compared to control group had 1.80 fewer 
days off school, 0.40 fewer visits to a 
doctor for asthma, 0.25 fewer visits to a 
pharmacist for asthma, fewer reports of 
poor health 0.48, less sleep disturbed by 
wheezing 0.55, less dry cough at night 
0.52, and reduced scores for lower 
respiratory tract symptoms 0.77 than 
children in the control group. 

(Clinch & Healy, 
2003) 

Estimating thermal 
comfort versus 
energy consumption 
reductions as a result 
of Irish dwellings’ 
retrofit programme 

Building of a computer 
simulation programme for the 
whole building stock of Ireland 

Mean average temperature in all rooms 
increases from 14.8C by almost 3C up to 
17.7C.  
Energy efficiency improvements are taken 
as 21% increase in comfort via an increase 
in indoor temperatures and 79% as 
energy/bill savings.  

Comfort benefits stand at 460 million EUR at a 5% 
discount rate over 20 years.  

Not available 
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Table 5: Relevant studies analysing social welfare implications of energy efficiency measures in transportation sector. 

Source (reference) Case description Method used Magnitude of the MI, non-monetary, absolute terms 

Magnitude of the MI, monetary 
terms (if available) 

Magnitude of the MI (as % of 
direct benefit, or other indicator 
if it this is not relevant) 

(Xia et al., 2015) Estimation of co-
benefits from a 
partial shift to 
active/alternative 
transportation 
modes in Adelaide, 
Australia by 2030 

Scenario building; use of Motor Vehicle 
Emissions Inventory to calculate 
emission loads and TAPM model to 
simulate air pollution concentrations; a 
health impact assessment (HIA) based on 
the comparative risk assessment 
approach (CRA) to estimate changes in 
the burden of disease as a result of a 
reduction of particulate air pollution, and 
increased physical activity; traffic injury 
matrix approach to estimate changes in 
traffic accidents. 

Avoided air pollution emissions of a 40% shift in 
vehicle kilometers travelled compared to BAU in 2030: 
a decline in the annual average urban PM2.5 by 
approximately 0.4 µg/m3.  
As a result health effect due to air pollution reduction: 
-13 deaths/year; -118 disability-adjusted life years 
(DALYs) 
As a result due to physical activity increase: -508 
deaths/year; -6569 DALYs. 
As a result due to decrease in traffic: -21 deaths/year; 
-960 DALYs. 

Not available Ratio for mortality prevention 
due to (1) pollution, (2) physical 
activity, (3) traffic 1:39:1.6  
Ratio for DALY prevention 1: 
56:8 

(Grabow et al., 
2011) 

Estimation of co-
benefits from a 
partial 50% shift of 
short travels to 
active/alternative 
transportation 
modes in 
Midwestern United 
States 

Changes in air pollutant concentrations 
estimated using Community Multiscale 
Air Quality Model (CMAQ); changes in 
health outcomes estimated using U.S. 
Environmental Protection Agency 
Benefits Mapping Analysis Program 
(BenMap); changes in health a s a result 
of increased physical activity estimated 
using World Health Organization Health 
Economic Assessment Tool (HEAT). 

Avoided air pollution emissions: a decline in the annual 
average urban PM2.5 by 0.1 µg/m3, an increase in 
ozone concentrations in urban areas and decline of 
ozone concentrations in rural areas. 
As a result health effect due to air pollution reduction 
and increased physical activity: -1295 deaths/year 
(608 due to air quality and 687 due to physical 
activity) 

As a result health effect due to 
air pollution reduction: USD 
4.94 billion/year 
As a result health effect due to 
increased physical activity: USD 
3.8 billion/year 

Ratio of health effects due to 
reduced air pollution and 
physical activity increase are 
around the same 

(Woodcock et al., 
2009) 

Estimation of co-
benefits of GHG 
reduction policies in 
London, UK and 
New Delhi, India in 
2010-2030 

Scenario building via backcasting; air 
pollution emission and dispersion 
modelling using the London Atmospheric 
Emissions Inventory, the ERG Emissions 
Toolkit, and SIM-air Version 1.3; change 
in health effects estimated using 
Comaparative Risk Assessment method, 
modeling of road traffic accidents 
composing a road traffic injury matrix, 
modelling physical activity health impacts 

Avoided air pollution emissions of a scenario that 
combines tighter vehicle emission standards and 
increased active transport compared to BAU by 2030:  
a decline in the annual average urban PM2.5 by 0.8 
µg/m3 in London (L), UK and by 18.1 µg/m3 in New 
Delhi (D), UK.  
As a result health effect due to air pollution reduction, 
physical activity increase and decrease in traffic 
injuries:-541 deaths/year (L) and -532 deaths/year 
(D); -5295  YOLL (L) and -11448  YOLL (D); -7439 

Not available Health effects related to 
physical activity increase 
comprise around 95% of health 
effects for London and over 50% 
of health effects in New Delhi 
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Source (reference) Case description Method used Magnitude of the MI, non-monetary, absolute terms 

Magnitude of the MI, monetary 
terms (if available) 

Magnitude of the MI (as % of 
direct benefit, or other indicator 
if it this is not relevant) 

via metabolic equivalent time. 
 

DALYs (L) and -12995 DALYs (D)  
(per million of population) 
 

(Maizlish et al., 
2013) 

Estimation of co-
benefits of GHG 
reduction policies in 
San Francisco Bay 
area in 2000-2035 

Scenario building, estimation of health 
effects using integrated transport and 
health impacts model (ITHIM) based on 
comparative risk assessment (CRM) 
methodology; modeling of traffic related 
accidents separately 

Avoided air pollution emissions of a scenario that 
combines tighter vehicle emission standards and 
increased active transport compared to BAU by 2035:  
a decline in the annual average urban PM2.5 by  0.05  
µg/m3 (due to active transport) and 0.1  µg/m3 (due 
to vehicle emission standards). 
As a result health effect due to air pollution reduction, 
physical activity increase and decrease in traffic: - 308 
deaths/year, -3095 YOLL, -5197 DALYs. 
(per million of population) 

Not available Health effects related to 
physical activity increase 
comprise around 95% of health 
effects. 

(Woodcock et al., 
2013) 

Estimation of 
health and 
environmental 
benefits of high 
walking ad cycling 
transportation 
scenarios for urban 
areas in England 
and Wales with the 
exception of 
London 

Scenario building; geo-spatial modelling 
of PM2.5 concentrations and population 
density; estimation of emissions and 
concentrations; use of integrated 
transport and health impacts model 
(ITHIM) based on comparative risk 
assessment (CRM) methodology; 
modeling of traffic related accidents 
separately.  

Avoided air pollution emissions of a scenario that 
includes a dramatic increase in active transportation 
and increase in energy consciousness (Vision 3) 
compared to BAU by 2030:  a decline in the annual 
average urban PM2.5 by 1.4 µg/m3.  
As a result health effect due to air pollution reduction, 
physical activity increase and decrease in traffic 
accidents: -8606 DALYs 
(per million population) 
Avoided GHG emissions from passenger urban 
transport: -83% 

Not available Health effects related to 
physical activity increase 
comprise around 90% of health 
effects. 

(Macmillan et al., 
2014) 

Assessing societal 
costs and benefits 
of commuter 
bicycling expansion, 
simulating 
behaviour change 
and necessary 
policy response to 
accommodate 
commuter bicycling 

Multi-stakeholder consultation, 
interviews for cognitive mapping and 
system dynamics modelling with STELLA; 
scenario modelling to 2050; use of Health 
and Air Pollution model in New Zealand 
(HAPiNZ), Auckland’s Vehicle Emissions 
Prediction Model (VEPM 5.0); cost- 
benefit analysis of policy actions.  

Four policy interventions for expansion of commuter 
bicycling are considered: regional cycling network; 
arterial segregated bicycle lanes; self-explaining roads 
and a combination of the previous two. The benefit to 
cost ratio ranges from 6-24 NZ dollar increase in 
physical activity health effect driving the benefits up 
the most.  

Estimates available for all 
scenarios and all effects (see 
the source) 

Increase in physical activity 
health effect driving the 
benefits up the most compared 
to traffic accidents and air 
pollution related health effects. 
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Source (reference) Case description Method used Magnitude of the MI, non-monetary, absolute terms 

Magnitude of the MI, monetary 
terms (if available) 

Magnitude of the MI (as % of 
direct benefit, or other indicator 
if it this is not relevant) 

expansion in 
Auckland, New 
Zealand 

(Rojas-Rueda et al., 
2012) 

Estimation of 
health risks and 
benefits of mode 
shifts from car to 
cycling and public 
transport with co-
benefits of GHG 
emission 
reductions in 
Barcelona, Spain 

Scenario building; use of Barcelona Air-
Dispersion Model to estimate changes in 
air pollution concentrations and health 
effects for the city’s population; use of 
Health Impact Assessment methodology 
to estimate the effects on health of the 
traveler who changes the mode from air 
pollution, traffic injuries and physical 
activity. 

A 40% shift from cars would render an annual health 
benefit of to the traveller who changes the mode: 1.15 
deaths from air pollution, 0.17 deaths from traffic 
accidents and -67.46 deaths from increased physical 
activity (population 141690). In total -66.12 deaths. If 
40% of trips were shifted to public transport:- 43.76 
deaths. The health effect on the general population as 
a result of reduced air pollution would be -10.03 
deaths (1.6 million). Total effect: - 76.15 deaths. If 
40% trips from metropolitan area would be reduced 
due to shift to public transport - 40.15 deaths, and to 
cycling -98.5 deaths. Total of these inside and 
metropolitan area scenarios would reduce CO2 
emissions from transport by 1.25% from transport 
sector.  

Not available For the traveller who shifts to 
other modes health effects of 
physical activity increase cancel 
the small negative effects of air 
pollution and traffic accidents 
and render a significant net 
benefit.  

(Rojas-Rueda et al., 
2013) 

Quantification of 
morbidity health 
effects of as a 
result of a mode 
shift from cars to 
public transport 
and cycling in 
Barcelona, Spain 

Scenario building; use of Barcelona Air-
Dispersion Model to estimate changes in 
air pollution concentrations and health 
effects for the city’s population; use of 
Health Impact Assessment methodology 
to estimate the effects on health of the 
traveler who changes the mode from air 
pollution, traffic injuries and physical 
activity. 

A scenario of 40% reduction in long-duration car trips 
and their replacement by public transport and cycling 
rendered morbidity related health benefits in -127 
cases of diabetes, -44 of cardiovascular diseases, -30 
of dementia, -16 minor injuries, -0.14 major injuries, -
11 of breast cancer and -3 of colon-cancer, 
amounting to a total of -302 DALYs per year for 
travelers. The health benefits to the general 
population as a result of a reduced PM2.5 exposure in 
the general population resulted in -7 cases of low 
birth weight, -6 of preterm birth, -1 of cardiovascular 
disease and -1 of lower respiratory tract infection per 
year.  

Not available For the traveller who shifts to 
other modes health effects of 
physical activity increase cancel 
the small negative effects of air 
pollution and traffic accidents 
and render a significant net 
benefit.  

(Rabl & de Nazelle, 
2012) 

Estimation of the 
health impacts due 
to a mode shift 

Assessment of physical activity impacts 
via Relative Risk methodology using 
WHO HEAT tool and epidemiological 

The results could be used for CBA analyses for 
Western European countries. 

Health benefits for an 
individual who switches from 
car to bicycle for a one way 

The benefit of increased 
physical activity per person is 43 
times larger than a public gain 
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Source (reference) Case description Method used Magnitude of the MI, non-monetary, absolute terms 

Magnitude of the MI, monetary 
terms (if available) 

Magnitude of the MI (as % of 
direct benefit, or other indicator 
if it this is not relevant) 

from car to 
bicycling or walking 
as a result of the 
change in exposure 
to ambient air 
pollution for the 
individuals who 
change their 
transportation 
mode, their health 
benefit due to 
increased physical 
activity, the health 
benefit for the 
general population 
due to reduced 
pollution and the 
risk of accidents. 

studies, assessment of health impacts of 
air pollution from ExternE and 
epidemiological studies, assessment of 
the impact to the general population via 
COPERT model and ExternE, 
monetization based on contingent 
valuation studies in the EU and some 
established values.  

commute up to 5km 5 days a 
week and 46 weeks per year: 
1300 EUR/year due to physical 
activity and -20 EUR /year due 
to exposure to air pollution. 
Public benefit of a reduction in 
air pollution is 30 EUR per 
person per year. The value of a 
reduced noise is 0.76 EUR per 
km, reduced congestion 0.75 
EUR per km.  

of a reduced air pollution  

(Götschi et al., 
2015) 

Estimation of 
health effect from  
changes in the 
physical activity as 
a result of different 
travel/commute 
patterns in urban 
areas. Habits of the 
English and the 
Welsh population 
are compared and 
modeled to those 
of the Swiss, the 
Dutch and the 
Californians.  

Use of the Integrated Transport and 
Health Model (ITHIM) to estimate health 
impacts from changes to physical activity; 
model customized using data from travel 
surveys and estimated using Monte Carlo 
simulation; scenario building. 

Large benefits for the Welsh and English urban 
population would be achieved if they would switch to 
transport related physical activity habits of the Swiss 
or the Dutch. Smaller, but significant harms would 
occur if the British and the Welsh urban population 
adopted commute/travel patterns of the Californians 
who switched traveling patterns. The benefits of high 
cycling rate in the Netherlands were calculated to be 
similar to high walking rate in Switzerland (for precise 
results in DALYs and premature deaths calculated for 
seven diseases separately for men and women see a 
huge table in the source).   
 
  

Not available Not available 

(de Hartog et al., Assessment of  3–14 months gained as a result of increased physical Not available The benefits of physical activity 
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Source (reference) Case description Method used Magnitude of the MI, non-monetary, absolute terms 

Magnitude of the MI, monetary 
terms (if available) 

Magnitude of the MI (as % of 
direct benefit, or other indicator 
if it this is not relevant) 

2010) costs and benefits 
related to the 
individual switching 
from car use to 
cycling in the 
Netherlands 

activity. 
0.8–40 days lost due to increased inhaled air pollution 
doses. 
5–9 days lost due to increase in traffic accidents. 

well exceed the risks of air 
pollution and traffic accidents 
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Table 6: Relevant studies analysing productivity-related social welfare implications of energy efficiency measures. 

Source 
(reference) Case description Method used 

Magnitude of the MI, non-monetary, 
absolute terms 

Magnitude of the MI, monetary terms (if 
available) 

Magnitude of the MI (as % of 
direct benefit, or other 
indicator if it this is not 
relevant) 

(Boyd & Pang, 
2000) 

US glass sector Comparison of real data at 
company level to production 
frontier, statistical correlation 
between productivity and energy 
efficiency 

Not available 
 

1% difference in overall productivity results in 
more than a 1% difference in energy efficiency 
(causality not specified) 

Not available 

(Brill, 2007) Data centre energy use, 
multiple measures relate to 
IT and facilities 

Review of existing facilities and 
their practices 

Savings related to not having to buy new 
equipment 

Up to 50% reduction in electricity consumption 
and deferment (perhaps permanent) of need to 
build additional data centre with cost of USD 100 
million 

Not available 

(Fisk, 2002) Commercial buildings  Not available Productivity gains of 0.5-5% from 
changes in thermal environment and 
lighting 

Total of USD 20-160 billion Not available 

(Kats et al., 2003) Commercial buildings Review of existing studies Productivity gains of 7.1% with lighting 
control, 1.8% with ventilation control, 
and 1.2% with thermal control 

Not available Not available 

(Lovins, 2005) Commercial buildings Not available productivity increase of 6–16% in 
efficient buildings  

Not available Not available 

(Pearson & 
Skumatz, 2002) 

Commercial buildings Survey of participants Not available Not available 33-125% 

(Seppanen et al., 
2004) 

Commercial buildings Literature review 2% decrease in work performance per 
degree Celsius above 25°C 

Not available Not available 

(Worrell et al., 
2003) 

Iron and steel sector Technology information on yields, 
input materials, etc. 

Removing the productivity benefits from 
the cost calculations cut the potential for 
cost-effective energy savings in half, 
from 3.8 GJ/t of steel to 1.9 GJ. 

Not available Not available 
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