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1 RESPONDING TO A CLIMATE EMERGENCY: HOUSING STRATEGIES 

 

1.1 ABSTRACT 
This report will review global policy and legislation; building codes and standards, and case 
studies of local adoption strategies, Material conservation in construction and how housing 
architecture can contribute significantly to sustainable development, Buildings’ energy 
efficiency achievements though social and technical improvements, Water conservation and 
efficiency in homes, and green infrastructure, particularly, green roofs 

 It will also examine best practices globally and different approaches to climate change 
mitigation and adaptation and will provide a background from which strong policy can be 
derived and implemented. 

1.2 INTRODUCTION 
The impact of Climate change, and our efforts for mitigation and adaptation have now 
become a matter of urgency, not of choice. 

The construction of residential buildings as a result of governments’ commitment to 
providing affordable sustainable housing to people already accounts for a significant 
percentage of total energy related emissions and energy consumption of 40% of global 
energy (UNEP, 2018 p.9; Nejat et al, 2015). The expected increase in global urbanization will 
only worsen the current situation (UN Habitat, 2013 p. 2). Architectural efficiency is vital 
through all construction stages, from conceptual design, material selection, waste 
management, and all the way to operation with regards to their impact on the environment 
(Spence, R and Mulligan, H, 1995). Elevated water consumption in presence of longer 
periods of droughts in some areas like African Sahara Desert, and an intensified 
precipitation that leads to tougher floods, and a total run off in other areas like in France, 
UK, and Indonesia as a result of the global warming requires our attention. Only fast 
corrective and preventive actions to reverse serious damages to water sources and the 
consequences on waste water and sewage output (Randolph and Troy, 2008). As flooding 
and heatwaves became more common, the permeability of the landscape and the role of 
green infrastructure, in particular green roofs, are gaining importance (EEA, 2009; 
Kuronuma, T et al, 2018; EPA, 2015). 
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2 GLOBAL POLICY, BUILDING CODES AND STANDARDS, AND LOCAL 

ADOPTION 

 

2.1 INTRODUCTION 
Urbanisation and climate change are the two most significant global challenges to realising 
environmental sustainability. More than fifty percent of the global population lives in urban 
areas, and projections indicate that urban population are set to increase over the coming 
decades (UN Habitat 2013, 2).  
 
Growing urban housing is at the forefront of this challenge. The buildings and construction 
sector accounts for nearly 40% of total energy-related CO2 emissions and 36% of final 
energy use (UNEP 2018, 9). Energy demand in buildings could increase by 50% by 2050 as 
urbanisation rapidly continues, and growth in purchasing power exponentially increases in 
developing countries (UNEP 2018). 

2.2 GLOBAL FRAMEWORKS AND AGREEMENTS 

2.2.1 International agreements 
There has been a renewed impetus globally supporting efforts to tackle climate change 
issues in towns and cities and to achieve global sustainable, transformative change. In 
recent years, international development frameworks and agreements that cross cut urban- 
and climate-related policy targets and indicators, at international and national levels, have 
been agreed. Specifically:  
 

Agreement: Year: Source: 
2030 Agenda for Sustainable Development 
and its 17 Sustainable Development Goals 
(SDGs) 

2015 United Nations, 2015 

Paris Agreement  2015 UNFCC, 2015 
New Urban Agenda (NUA) of the Third United 
Nations Conference on Housing and 
Sustainable Urban Development (Habitat III) 

2016 UN Habitat, 2017 

2.2.2 International partnerships and frameworks 
 
2.2.2.1 2017 UNECE Framework Guidelines on Energy Efficient Standards in Building 
Guidelines adopted by the UN Economic Commission for Europe (UNECE 2017) developed 
from lessons learned in the buildings and construction sector. The framework outlines 
principle-based performance guidance for energy efficiency in buildings 
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2.2.2.2 2015 UNECE Geneva UN Charter on Sustainable Housing 
The Geneva UN Charter on Sustainable Housing, endorsed by the UNECE in 2015, is a non- 
binding document that aims to support member States as they seek to ensure access to 
decent, adequate, affordable and healthy housing for all (UNECE 2015, 3). 
 
2.2.2.3 Global Alliance for Buildings and Construction (GlobalABC) 
Established by UN Environment, GlobalABC assists the implementation of the Paris 
Agreement for buildings and construction sector. The GlobalABC is supporting countries in 
implementing their UNFCCC Nationally Determined Contributions (NDC) (UNEP 2018, 9). 
 
2.2.2.4 UN Habitat: Global Network for Sustainable Housing (GNSH) 
The GNSH, established by UN Habitat, is an international alliance connecting partners and 
academic institutions to change policies, promote research, and enhance design to achieve 
sustainable housing (UN Habitat n.d.).  
 
2.2.2.5 UNEP: Sustainable Buildings and Climate Initiative (SBCI) 
UNEP-SBCI is an alliance of key partners from the public and private sector working in 
building and construction sector. Much of the work of the SBCI is to support policy makers 
across local and national government to adopt sustainable construction programmes and 
(Cheng et al 2008, 84). 

2.3 BUILDING ENERGY CODES: 

2.3.1 European Union (EU) 
In 2012, the European Commission (EC) issued the Energy Performance of Buildings 
Directive (EPBD), aimed to minimise the impact of climate change and carbon emissions by 
improving the energy efficiency of buildings (ECEEE n.d.).  
 
The EC published a “Clean Energy for all Europeans” policy package, in November 2016, 
establishing planning guidelines for EU energy policy to 2030. Plus, it covered multiple 
solutions towards energy efficiency, energy markets, renewable energy and climate issues, 
as well as proposing plans to amend the EPBD (UNEP, 2017, pp31). Following these 
recommendations, the revised directive, amended on 19 June 2018, accelerated renovation 
of existing buildings. The EC directives target is for nearly zero energy buildings and/or 
buildings that are highly efficient and decarbonised by 2050. Member states must adopt 
these changes into national law by March 2020 (EC n.d.). 

2.3.2 Globally 
To date, only a third of countries globally have building energy codes. Changes to codes and 
standards in 2017-2018 were mainly limited to amendments and updates to existing energy 
codes. Additionally, enforcement of codes remains either limited or voluntary in most 
countries (UNEP 2018, pp20). 

2.4 EXAMPLES OF GOOD PRACTICES 

2.4.1 Germany: National Climate Initiative 
Germany’s National Climate Initiative (NCI), launched in 2009, has successfully upheld and 
improved local climate action across the country. The main incentive has been direct budget 
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support, provided alongside capacity building for municipalities. The main outcome has 
been the development of local climate action plans that specify climate change adaption 
and mitigation measures. Additionally, the NCI worked through both horizontal and vertical 
coordination structures to strengthen municipal governance and coordination and share 
lessons learned and good practices (Schumacher et al 2013, 1936). 

2.4.2 The Philippines: Climate Change Act 
The Philippines legally established its pioneering Climate Change Act in 2009. The law 
created a leading role for local authorities to develop climate change adaption and 
mitigation policy. Local Climate Change Action Plans were developed and presented as part 
of comprehensive land use and development plans. The mainstreaming of climate change 
action plans into these established planning tools, as well as monitoring and regular update 
of the plans, contributed to their success. National authorities have supported 
municipalities through training and financial support (LSE 2009). 

2.4.3 Brazil: São Paulo Solar Law 
In 2007, new regulations (ordinance no14.459, of July 3, 2007) were included by the 
municipality of Sao Paulo into the building code to lower electricity demand for water 
heating. In the city, electricity consumption for heating water is estimated to account for 
about 40% (De Schio 2013, 3). Failure to comply with the ordinance can lead to the 
withdrawal of building permits (De Schio 2013, 3). 
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3 SUSTAINABLE ARCHITECTURE: CONSTRUCTION MATERIALS 

 

3.1 INTRODUCTION: 
Architecture can contribute significantly in housing sustainability. Design of spaces, 
proximity to amenities, indoor quality, thermal comfort, and materials used. The 21 Century 
has seen unprecedented research in sustainable architecture and green building techniques 
to adapt and mitigate the impact of climate change. New construction materials which have 
evolved over time, mainly around using much efficient materials, more renewable sources 
of water, and energy, and higher standards of heating and cooling techniques (Attia, 2018). 
Which have been deeply investigated in other sections of this report. In this section 
however, we will shed the light on the cycle of structural and architectural materials, from 
source to destination by either become waste, being disposed, and or stored to better serve 
the purpose efficiently and use resources effectively in form of low impact development. 
 

3.2 APPROACH: 
Using raw materials in construction has a great impact on the bio-diversity and the eco 
system due to the construction activity, especially if the resources are non-renewable 
(Spence R. and Mulligan H., 1995). Thus, the reduction of using and post processing these 
materials are vital in Environmental Planning (Sunke N., and Schultmann F., 2009). 
Accordingly, the selection of materials is an important consideration in the preliminary and 
conceptual phases of project design. An Environmental Impact Assessment should be 
performed first prior to the design procedure and ahead of the issuance of approved-for-
construction drawings. Methods and strategies to accomplish resource conservation 
effectively could be through five considerations as follow: 
 
 

1. Minimisation of waste; 
2. Utilisation of durable materials; 
3. Consideration of natural and local materials; 
4. Construction Cost Reduction; 
5. Prevention of pollution. 

 

3.2.1 Minimisation of Waste 
According to Mohamed Osmani, in (Waste, 2011), waste produced due to construction 
could reach 30% of the total weight of supplied building materials to construction sites. An 
outcome of 170 million tonnes of demolition waste resulted from construction during 2003 
in the United States of America. Waste minimization can contribute to project sustainability 
design through its three steps: 
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§ Reducing and recovering construction waste 
§ Recycling materials 
§ The storage and disposal of waste 

 

 
 
 
 

 
Figure 1: Composition of total waste generated in OECD region [OECD, 2001] 

 
 
The most effective way is considered to be preventing the production and reproduction of 
construction waste. Reuse and recycling of products play an important role in reducing 
general environmental impacts. In the case of renovating and demolishing buildings, the 
reuse of building materials is an alternative for the reduction of construction and demolition 
waste. This could be accomplished by performing building deconstruction, which enables 
the recovery of building components into its original used materials. This process allows the 
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reuse of functional components, which differ from traditional demolition ways in which 
parts are transformed back into raw materials for processing (Esin T. and Cosgun N., 2007).  
 

 
Figure 2: Cumulative percentages of projects generating construction waste in Egypt 

 

3.2.2 Utilization of Durable Materials 
Peris Mora (2007) defined durability as “the characteristic of those objects or materials that 
maintain their properties over time”. The enhancement of building sustainability is ruled by 
the durability of its materials and components.  
 
The serviceability of those materials or the life time cycle determines how sustainable the 
building is. Materials with relatively longer lives should be used and utilised in the design of 
buildings (Akadiri P., Chinyio E. and Olomolaiye P., 2012). Cost wise, longer lasting materials 
are more effective than materials that need to be replaced more often. The controversy is 
that from a client’s perspective, the cost will be higher when higher quality materials are 
used. However, in fact, the cost of operating will be justified over the longer lifespan (Kim 
and Rigdon, 1998). 
 
 
 

 
Source: (Bechthold and Weaver, 2017) 
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Source: (Bechthold and Weaver, 2017) 

 

3.2.3 Consideration of Natural and Local Materials 
Natural materials like wood are theoretically renewable. They can be utilised in building 
construction without having to undergo manufacturing processes, which is less damaging to 
the environment. For instance, in Nigeria, a research project was performed to establish a 
data base of local and natural materials offered there. It was found to be sheep’s wool, clay, 
bamboo, thatch, stones, timber, coconut tree, and straw bales (Hilal Zafer H. and Muazu A., 
2017). The consequences of such project was in for of economic benefits that were 
maximized when local materials had been used, and transport costs were cut, which in turn 
reduced air pollution resulted from vehicles. On top of that, energy resources were saved, 
and rural development was boosted. (Akadiri P., Chinyio E. and Olomolaiye P., 2012) 

3.2.4 Construction Process Cost Reduction 
A great proportion of a building’s operating budget is maintenance. Over the life time cycle 
of a building, maintenance easily exceeds the original construction costs. Maintenance costs 
include labour, cleaning, equipment, and the replacement of various components. Add to 
this the hazards of exposure to chemicals which are used in cleaning by janitors and 
occupants (Kim and Rigdon, 1998). 
 
 
 

3.2.5 Prevention of Pollution 
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Construction process and manufacturing of utilised materials should be controlled by 
methods to prevent pollution, which can contribute greatly to an environmental 
sustainability.  

 
Most of the OECD countries have already adopted policies and regulations in this regard. 
Only factories that comply with those regulations were appointed to use their products. 
Also, Environmental Assessment tools like LEED, BRAEM have been designed to distinguish 
between different levels of environmental commitment, and hence those demonstrating 
better credits were given more privileges (for more detail see 4.2.2.4). Also, specific harmful 
materials such as cancer-causing asbestos have been defined, and its usage has been 
eliminated.  
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4 ENERGY EFFICIENCY 

 

4.1 INTRODUCTION 
Residential buildings represents 6% of direct (construction) and 11% of indirect (energy 
consumption) global CO2 emissions and are considered as the 4th largest CO2-emitting 
sector (Nejat et al., 2015). Building efficiency improvement includes social and technical 
improvements. 

4.2 ENERGY EFFICIENCY  

4.2.1 Energy efficiency versus climate change 
Buildings account for 40% of global energy consumption (Nejat et al., 2015) and 36 % of 
CO2-emissions mainly because of energy use for heating (Adalberth, 1997 and Nässén et al., 
2007). In the UK in 2007, space heating represented 25% of energy consumption whereas 
water heating represented  9% and lighting 7% (Xing et al., 2011). In Latvia, in 2009, 
87,000,000 m² of residential area had to be heated, resulting in great energy loss 
considering about 63% of these buildings were built before 1992 (Miezis et al., 2016). 
 
Therefore, with the increase of temperatures, more and more buildings are getting fitted 
with air conditioning, increasing energy consumption  by  83% by 2100 (Davis and Gertler, 
2015). 

4.2.2 Strategies 
A life cycle inventory conducted by Verbeeck and Hens in 2010, has shown that one third of 
the primary energy consumption can be reduced with improvement of the energy efficiency 
of buildings. 
4.2.2.1 New kind of buildings  
The ultra-low-energy building of Tsinghua University in Beijing in China is part of a research 
project in building energy 
efficiency. The windows are 
double skin glass of a good 
thermal performance with a 
heat transfer coefficient of 0.5 
W/m²/K (Panyu Z., 2014). 
Indeed, double glazing is a way 
to reduce the losses to around 
40% in the residential sector 
(Tsagarakis et al., 2012).  
 
Some improvements are 
possible in Beijing according to 
the results of this building. The 

Figure 3: Energy strategies of the building (Picture source: Panyu Z., 2014) 
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renewable energies can be implemented in multi-family or residential buildings with solar 
panels, thermal panels, heat pumps (using geothermal energy) and combined heat and 
power (CHP) systems using the waste of heat during electricity production (from a district 
heating for instance) and generating heat or cooling. CHP can improve the efficiency of a 
building by 30% (Entchev et al., 2004). Vauban quarter in Freiburg in Germany is an eco-
quarter built in 1994 where electricity is produced by a co-generation plant (smart district 
heating) and photovoltaic devices. As the buildings use only 10-15 kWh/m², the surplus is 
sold to Freiburg city. According to the figures provided by Öko-Institut, Vauban accounts for 
28 GJ energy savings and 2,100 t CO2- equivalent reduction per year (Schroepfer and Hee, 
2008). 
 
Lighting constitutes 30% of electricity consumption of a building. Low energy lighting such 
as Light-Electro Diodes ( LEDs) can reduce this consumption by 75%, thereby reducing waste 
heat and increasing efficiency (Entchev et al., 2004).  
 
4.2.2.2 Consumption measurement 
Electricity grids are constructed to carry electricity from the power plant to consumers. A 
smart grid introduces a two-way dialogue between the factory and the consumer to 
balance, in real-time, demand and production. Smart homes must become the new types of 
building communicating with the grid, measuring real-time consumption and managing the 
run schedule of devices with demand-side management (DSM) technologies. Thus, with a 
DSM, such as a thermostat, hot water production is stopped during a high consumption 
period on the grid and restarted afterwards. With the DSM, the consumer becomes a “pro-
actor” by managing its own devices to reduce consumption. In fact, directives 2009/72 and 
73/EC require European states to implement intelligent metering systems to, at least, 80 % 
of consumers by 2020.   
 
4.2.2.3 Building energy performance certification 

4.2.2.3.1 EPI and “A” to “G” label 
To achieve the goal of 20% decrease of the European Commission of buildings energy 
consumption by 2020, an energy performance certification was established in 2006 with a 
common method, for all the states, set in the 2010/30/EU Directive consisting of a main 
indice and a label:  

- Energy Performance Index (EPI) that evaluates the energy consumption and the CO2 
emissions per unit of area; 

- A label based on letter “A” to “G” to evaluate the building energy efficiency of the 
existing building stock. 

4.2.2.3.2 BREEAM 
The UK was the first country to establish a system for its building efficiency assessment in 
1993 with the British Research Establishment Environmental Assessment Method 
(BREEAM). It evaluates buildings as noted below according to management, energy, 
transport, water, materials, wellbeing, ecology and innovation criterions (Bunz K. et al, 
2006). 
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Figure 4: Types of BREEAM certification depending on scores 

4.2.2.3.3 LEED 
The US Green Building Council (USGBC) created in 1998 the LEED (Leadership in Energy and 
Environmental Design) system. It is a voluntary system evaluating ten building types in six 
categories intersecting all the life cycle (Berardi U., 2012): 

- Energy and atmosphere (17 pts); 
- Indoor environmental quality (15 pts); 
- Sustainable sites (14 points); 
- Materials and resources (13 pts); 
- Water efficiency (5 pts); 
- Innovation and regional specificities (5 pts). 

Depending on the score obtained a different certification is attributed: 

 
Figure 5: Types of LEED labels depending on scores 

4.2.2.3.4 CASBEE 
The Japanese system CASBEE (Comprehensive Assessment System for Building 
Environmental Efficiency), developed in 2001, is based on the life cycle assessment (LCA) 
from design to renovation, through construction and life quality. It evaluates buildings 
according to two categories (Bunz K. et al, 2006):  

- Building performance (indoor/outdoor environment and quality of services); 
- Environmental load (energy, resources/materials, reuse/reusability and off-site 

environment). 

The Building Environment Efficiency (BEE) is calculated as follow: 
  and enables to class buildings in five categories: 



School of the Built Environment 
The University of Heriot-Watt, UK 

 Background Report | 16 

 
Figure 6: Types of CASBEE label depending on scores 

 

4.2.3 Difficulties 
4.2.3.1 Rebound effect 
The improvement of energy efficiency can make energy cheaper for users thereby 
increasing consumption. This paradoxical phenomenon is well-known as the “rebound 
effect”. Even if this effect accounts for less than 30% of energy use, it must be still be taken 
into account for a sustainable policy (Sorrell et al., 2009).  
 
4.2.3.2 Socially neglected effect 
Ignoring the rebound effect, Mexico City’s Sustainable Housing program was only able to 
reduce 25% of CO2 emissions as opposed to the expected 45% (Hernandez-Roman et al., 
2017). This is an example of the “socially neglected effect”, where the population doesn’t 
accept new technology. It is difficult to change the behaviours; four years are needed to 
introduce a new technology whereas ten years are necessary to change mentalities. For 
instance, Linky smart-meter in France has faced opposition from the  population due to 
fears for  privacy, security of the data and health (waves sensitivity) (Draetta, 2019). 
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5 WATER CONSERVATION 

 

5.1 INTRODUCTION 
Water conservation must be a priority for the new mayor as climate change continues to 
induce water scarcity. Housing equipment to improve water efficiency at home, domestic 
water reuse, sustainable drainage systems or rain water harvesting can have a major impact 
on reducing water consumption of urban areas. Indeed, high water consumption causes 
serious damage to water sources, waste water and sewage output (Randolph & Troy, 2008). 

5.2 HOUSEHOLD SYSTEMS 
There is a large choice of systems that can filter the greywater coming from the sink, 
bathtub or shower and then reuse it for toilet flushing and in the gardens’ irrigation system. 

However, systems can also simply be shower water collected in a bucket to flush the toilet 
or water the gardens. In this case, up to 60% of the waste water can be reused (U.S. 
Department of Energy, 2010). 

Using drain-water heat recovery systems to heat the entering water can reduce up to 90% 
the energy used to heat it. 

Installing low flow features that can reduce up to 40% of water consumption. (U.S. 
Department of Energy, 2010). 

5.3 WATER REUSE 
More extensive implementation of water reuse, thereby increasing water resources would 
benefit the environment by diminishing the impact on water resources (Fawell, Corre, & 
Jeffrey, 2016), diminish the negative impact on ecosystems, avoid contamination, improve 
wetlands (United States Environmental Protection Agency, s.d.) and would also guarantee a 
long-haul balance between water demand and supply (Water Reuse Europe, s.d.). 
 
Europe should be able to save up to 1.5% of its water by 2025 due to investment in water 
reuse with some countries like Malta, Spain and Cyprus having the capacity to reduce their 
water intake by up to 17%, 7%, and 3% respectively (Hochstrat, Wintgens, & Melin, 2008). 
 
Decentralized greywater systems, which are close to the point where wastewater is 
produced, can supply up to 50 percent of scene water system needs in the USA according to 
(American Society of Landscape Architects, s.d.). 

5.3.1 Best practices of domestic water reuse in Europe & elsewhere 
5.3.1.1 U.S.A. 
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In St Petersburg, Florida, a water reuse scheme supplies 9 300 houses for garden irrigation 
and air conditioner water. (RWCC, 1993). 
 
The Irvine Ranch Water District uses recycled water for toilet flushing in office buildings 
(Anderson, IWA Publishing 2003). 
 
5.3.1.2 Australia 
In Sydney Australia, a water recycling scheme supplies 2 000 houses in terms of toilet 
flushing and garden irrigation. It thus reduces the water demand by 850 000m3/year. 
(Cooney, 2001). 
 
The Mawson Lakes housing development in Adelaide Australia treat the wastewater and 
recycle it for toilet flushing and landscape irrigation for 10 000 people in 3 700 houses 
(Marks R. , 1998). 
 
5.3.1.3 Canada 
The Healthy House Water System was developed as part of the winning entry of a Canada-
wide competition the “Healthy Housing Design Competition”. All the grey water from the 
house is reused (kitchen and bathroom sinks, dishwasher) for bathing, toilet flushing, 
laundry and garden irrigation and rainwater is reused for drinking. The water consumption 
in these houses is reduced to one-tenth of a typical household. 720L of water are used in 
the house each day, 600 of which are recycled (Canada Mortgage and Housing Corporation, 
1996). 
 

 
Figure 7 - House Water Reuse System 

5.3.1.4 France 
In France, Annecy, an example of water recycling at a residential scale supplies 120 people 
by collecting wastewater from showers, baths, washing machines, kitchen sinks and dish 
washers. (Savoye, et al., 2001). This water which represents 60% of the residential water 
use, is exceeding the needs for toilet flushing, the rest is thus used for irrigation. (Lazarova, 
Hills, & Birks, IWA Publishing 2003). 

5.4 SUSTAINABLE DRAINAGE SYSTEMS AND PHYTO PURIFICATION 
Promoting Sustainable Drainage Systems (SuDS) reduces the need for water management 
infrastructure (costly and degrading soils). In cities, the creation of wetlands can be useful 
for rainwater management but also for wastewater. Independent or linked to conventional 
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treatment systems, phyto-purification basins (reed beds) are particularly effective in 
treating organic pollutants in grey water from sinks and showers (Barra, 2015)  
 

 
Figure 8 - SuDS Benefits (HR Wallingford, 2015) 

 

 
Figure 9 - Reed Beds System (NIRBC, s.d.) 

5.4.1 Best practices of Phyto purification in Europe & elsewhere 
5.4.1.1 Israel 
Two examples in Israel by (Ayala, 2011-2012) 

- In Ganei Tikvah a greywater treatment and reuse facility has be implemented for 550 
houses 

- In Tel Aviv, greywater is recycled in a business district thanks to nice wetlands and 
ponds.  

5.4.1.2 France 
- Other examples of phyto purification are implemented in France to treat domestic 

wastewater such as in Quinçay (Vienne) where the equivalent of 650 inhabitants’ 
wastewater is treated and in Eyrans (Gironde) where 800 inhabitants’ wastewater is 
treated thanks to reed beds (PhytoSerpe, s.d.). 
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5.5 RAIN WATER HARVESTING 
Rainwater harvesting is a good solution when the demand exceeds what the water supply 
infrastructure can provide. (Grandet, Binning, Mikkelsen, & Blanchet, IWA Publishing 2010). 
 
There’s also a great potential of saving water by using both greywater reuse systems and 
rainwater harvesting, as the last ones can be implemented in various types of buildings. 
(Dixon, Butler, & Fewkes, 1999). 
 

5.6 DISCUSSION 

5.6.1 ‘Yuck Factor’ – Social Acceptability 
People’s perception of the use of reclaimed water is important. For example, they would be 
less reticent to use it for toilet flushing than washing their vegetables with it (Marks, 
Cromar, Fallowfield, & Oemcke, IWA Publishing 2003). 

5.6.2 Standards 
The lack of European standards or guidelines for reuse, was viewed as one of the major 
barriers to the development of the water reuse sector (Technopolis Group, 2013) until 2018 
when the European Commission issued a proposal for a regulation on minimum 
requirements for water reuse (European Commission, s.d.). 
 
In 2012, the EPA (U.S. Environmental Protection agency) released a document on Water 
Reuse Guidelines to provide policy makers, states and communities, information, case 
studies, the new technologies, but also the management of water reuse in its different uses.  
(Freedman & Enssle, s.d). 
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6 GREEN ROOFS 

 

6.1 INTRODUCTION 
Green Infrastructure, the idea of working with nature, recreating ecosystems of 
interconnected network of natural areas of different scales and permeability is one aspect 
that is being proposed as an important measure to achieving sustainability and adaptation 
to climate change (EEA, 2009, p.5, p.11; Kuronuma, T et al 2018; EPA, 2015). 

Two of the main impacts of climate change are flooding and heat waves (Cullingworth, JB et 
al, 2014, p.290) – both can be mitigated using various elements of Green Infrastructure, in 
particular green roofs. 

6.2 OVERVIEW OF GREEN ROOFS 
As roofs in any built-up region can represent a significant horizontal surface, they can be a 
key component in the mitigation of climate change impacts (Obendorfer, E, et al, 2007 
p.823). 

A green roof involves the layering of vegetation on top of a flat or slightly sloped roof. 

 

 

Figure 10: A green roof’s layers (EPA, 2014) 

There are two main types of green roofs: intensive and extensive: 

• Intensive green roofs: tend to be large scale, require sturdy structure for support 
and are expensive to build and maintain. The substrate is usually deeper than 15cm 
and is often hardscaped to be used as public space and can grow trees and shrubs; 

• Extensive green roofs: have a shallower substrate and are easily installed. They 
require less maintenance and are therefore less expensive (Rowe, B, 2010, p.2100). 
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Figure 11: Benefits of green roofs (Slide Share) 

 

6.2.1 Benefits of Green Roofs  
The benefits of green roofs popularly cited include storm water retention; water runoff 
quality; reduction of urban heat; air quality improvement; reduction of CO2 emissions; 
energy conservation; longevity of green roofs; reduction of noise; and, support of 
biodiversity.  
 
Cost wise; ne of the barriers to the installation of green roofs has been the initial costs 
compared to conventional roofs, but the longer lifespan and reduced costs related to storm 
water management and energy consumption are worth it in the long run. More importantly, 
the environmental benefits far outweigh the financial costs (EPA, 2019). 
 
In this report the two main benefits of green roofs are discussed further. 

6.2.1.1 Storm water retention 

 
Figure 12: Storm water runoff (University of Nebraska-Lincoln) 

Compared to conventional roofs, green roofs retain stormwater for a longer period of time 
in urban areas. The vegetation allows evapotranspiration which also helps decrease runoff 
volumes (Shafique, M et al, 2018; Obendorfer, A et al, 2007). The average runoff retention 
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can reach up to 100% (Obendorfer, A et al, 2007 citing Beattie and Berghage, 2004 p. 828). 
In fact, estimates based on a 10% green roof coverage suggest a reduction of 2.7% overall 
regional runoff (Obendorfer et al, 2007 citing Mentens et al, 2005).  

 
 
6.2.1.2 Urban heat reduction 

 
Figure 13: Heat reduction potential (Urban green-blue grids) 

The cooling potential of green roofs at pedestrian level results in the reduction of urban 
heat island (UHI) effect (Francis and Jensen, 2018 p.168). Based on 17 studies, it has been 
found that green roofs can reduce heat at a range of 0.3-3.0 degrees Celsius (Francis and 
Jensen, 2018 p. 170; Berardi, U, 2016 p. 218). Tests done in Toronto, Canada have shown 
that a green roof retrofit has the potential to cool pedestrian level up to 0.4 degrees Celsius 
during the day, and more at roof level, in addition to reducing building energy demand by 
about 3%, (Berardi, U, 2016 p.217). Other studies have shown pedestrian level air 
temperature to be reduced by 0.4-0.7 degrees Celsius through extensive green roofs, and 
0.5-1.7 degrees Celsius by intensive green roofs (Ping, L and Jim, CY, 2013 p. 1) A regional 
simulation model using 50% green roof coverage in Toronto showed temperature 
reductions up to 2 degrees Celsius in some areas (Obendorfer, A et al p. 829 citing Bass et al 
,2002). However, Francis and Jensen, (2018 p. 173 citing Zolch et al, 2016) note that trees 
and green facades contribute more to pedestrian thermal comfort than green roofs. 

One of the ways to measure and evaluate the performance of green roofs is the Green Roof 
Energy Calculator which calculates annual energy savings, average sensible and latent heat 
flux to the urban environment and annual roof water balance. 

6.3 BEST PRACTICE EXAMPLES 

6.3.1 Best practice in USA: Chicago 
The Department of Buildings offers ‘a green menu’ through an incentive programme 
(Kazmierczak, A and Carter, J, 2010.p.110; City of Chicago DPD, 2017).  
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An ordinance requires large developments to capture the first half inch of rainfall on site, 
with the suggestion of green roofs as a solution (Kazmierczak, A and Carter, J, 2010 p.110). 
An expedited permit process and permit free waiver is offered to developers for buildings 
with exceptionally low environmental impact (Kazmierczak, A and Carter, J, 2010 p. 110). 

Green Roofs Initiative:  A zoning code awards a bonus for green roofs that cover more than 
50% of the roof area. A grant of $5000 for green roof installation for small scale and 
residential properties (Kazmierczak, A and Carter, J, 2010 p. 110). The example of Chicago 
has spread to other cities such as Portland, Oregon, San Francisco and New York. 

6.3.2 Best practice in Europe: Germany 
The Federal Nature Protection Law and Federal building codes established an environmental 
mandate consisting of a combination of policies and initiatives at the municipal level 
promoting green roofs. 
 
Free consultation is offered by the City, financial subsidies, reduced stormwater fees, 
regulations stipulating the installation of green roofs where feasible as a condition of 
development, ecological compensation for loss of any green space or valuable environment. 
 
It is believed that the mix of regulatory and non-regulatory measures are the reason for 
Germany’s success (Labbe, J 2009; Dongfang, Z, 2017). 

6.3.3 Best practice in Europe: Basel, Switzerland 
The original objective for the promotion of green roofs in Basel was for energy saving and 
protection of biodiversity. This later extended to heat reduction and surface water runoff. 

Subsidies are provided for green roof installation funded through the energy saving fund 
(collected from 5% of all customers’ bills). 

The amended Building and Construction Law, 2002, requires that all renovated flat roofs 
must be greened and includes specific design guidelines (Brenneisen, S and Baumann, N, 
2018; Kazmierczak, A and Carter, J 2010 p.105). 
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7 CONCLUSIONS AND RECOMMENDATIONS 

 

7.1 CONCLUSIONS 

In conclusion, Housing crisis have been recently recognised and increasingly addressed by 
scientists over the past decade. With such a wide range of issues to consider; we need to 
develop new, pragmatic tools to respond to human needs and ensure the value for money 
(Armstrong H., 2000). The impact of climate change on the sustainability three pillars 
environment, economic, and social is increasingly threatening our quality of life. New 
measures shall be quickly taken.  

For planners, architects, and engineers; Minimising the consumption of energy, fresh water 
and raw materials, and construction waste, on one side, and maximising the benefits of 
green natural resources such as solar power, wind, water falls, and adopting zero or low 
carbon buildings strategies should be highly prioritised. Add to that, taking into 
responsibility developing new systems to recycle water, increase efficiency of electric 
devices, and enhance products performance. This all could be done by employing cutting-
edge technologies, continually reviewing local policies, and rewarding entities who comply 
with such strategic plans. 

For policy makers; policies are the corner stone of environmental planning. Hence, they 
should be continually reviewed and improved to meet evolved necessities.  

Cost wise, the controversy is that from a client’s perspective, utilising durable materials, 
higher quality products, lower energy consumption equipment, applying water recycling 
applications, implementing green and environmental practices are higher in cost initially. 
However, in fact, the cost of operating will be justified over the longer life-span (Kim and 
Rigdon, 1998). 

7.2 KEY RECOMMENDATIONS 

7.2.1 Policy adoption   
1- Incorporate the various global frameworks and lessons learned into city building 

codes and construction standards; 
2- Requirements for any new building permit should include environmental design 

strategies; 
3- Adoption of energy efficient building codes; 
4- Awareness raising tools and activities must be widely implemented; 
5- Capacity building of local building and construction practitioners; 
6- Financial mechanisms should be developed. 
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7.2.2 Construction Materials use  
7- Continual improvement of material-use policies and encouraging zero-carbon 

buildings; 
8- Involving material researchers in decisions-making regarding preferred materials; 
9- Creating a robust material inspection system, whereby construction sites will be 

inspected prior to mobilization, throughout the construction process, and after 
completion to assess actual impact and compliance in relation to material use and 
waste management; 

10- Priorities should be reviewed regularly, and futuristic vision should be clearly 
expressed, and announced to material producers, suppliers, and consumers; 

11- Having a long-term strategic plan that meets global environmental commitments. 

7.2.3 Energy Effeciency  
12- Consumption policies put in place; 
13- Raising awareness about energy consumption, energy waste and measures to 

remedy it; 
14- Accurately evaluate energy consumption and the performance of each building 

(through controls and smart-meters); 
15- Use public buildings to set an example and communicate the energy improvements 

made;  
16- Encourage the renovation of housing by proposing a precise evaluation of the energy 

performance of existing buildings; 
17- Financial and expertise support based on energy performance. 

7.2.4 Water Conservation     
18- Raise awareness of citizens about the issue of water and water scarcity; 
19- Communication and education about water reuse to decrease the risk of a ‘yuck 

factor’ following the implementation of water reuse systems; 
20- Household systems, rainwater harvesting reed beds and small water reuse systems 

would be easier to set up in existing housing, are not that expensive (because 
require any or low maintenance on long term) and would have a great impact 
combined together. 

21- Greater water reuse systems at residential scale could only be implemented in new 
housing, and are the most expensive solutions even though it would have the 
greatest impact 

7.2.5 Green Roofs        
22- Implementation of green roofs should be ensured by the city through planning 

policy; 
23- Planning policy should also encourage the planting of trees in the correct places and 

green facades; 
24- Planning policy to include a combination of regulatory and incentive measures; 
25- Specific guidelines to be incorporated in planning policy as to the design of green 

roofs (e.g. percentage of coverage, soil depth, vegetation type, construction 
materials). 
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