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1.Executive Summary

1.1. Aims and objectives

In the EU, buildings are responsible for 40% of energy consumption and 36% of

CO2 emissions. As such, the EU as a whole has a target of 20% energy savings by

2020. Only the retrofit of existing buildings can achieve these targets.

However, as identified by Sir Terry Farrell in the Farrell Review, there is a shortage

of skills and retrofit is often not taught in architecture schools nor seen as a

legitimate enquiry by architects. This course aims to change that and to train today’s

young European architects for tomorrow’s challenges. Building retrofit is a real

opportunity for EU architects, as it can stimulate innovation and the economy.

However, qualified professionals will need to perform energy audits and design

strategies for energy retrofitting on existing buildings.

As such, this project fills this educational and skills gap with the aim of elevating the

architect’s professional profile with additional skills, competences, and knowledge

enabling architects to become a European Energy Auditor and Renovator (EEAR).

The aim is to create a workforce of qualified professionals, whose skills are

recognized and who are able to operate at EU level and contribute to achieve

EU2020 objectives in terms of climate change and energy efficiency, as well as

increased competitiveness. The NET_Learning project aims to define a new

professional profile, that of European Energy Auditor and Renovator (EEAR), by

adapting the recognised profile of the Energy Auditor to new market needs and

increasing skills possessed by Architects in two main fields: energy

retrofitting and efficiency evaluation on existing buildings. Both are opportunities for
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economic growth, local development, and employment, in accordance with EU

policies.

This Handbook has dual aims: firstly, it provides background information to the EU

NET_Learning project and gives an overview and summary of the course and

project content; it can be used as a guide by learners alongside the other course

material provided. Secondly, this handbook provides a reflection on the project and

the process, and sets out steps for the future.

1.2. Summary of NET_Learning project

In response to the above objectives, a free online basic learning course (of about 20

hrs), enhanced by a 5-day advanced course as a mobility-abroad programme for 43

young architects, was developed as part of this project. The course material

focused on the main partner countries, i.e. the Czech Republic, Italy and the United

Kingdom, however many principles apply across the EU, and the European climatic,

policy and legislative context is drawn upon throughout. The NET_Learning project

is structured as follows:

The E-Learning Platform: first step of training (basic course) is an online

basic course open to all architects coming from the partner regions. There are

tests for each module and, depending on the test results, the student may be

selected for the Advanced mobility abroad course. This is an innovative learning

experience that will give participants the opportunity to learn and

practise retrofit auditing and low energy and retrofits in the EU through 5
modules which are delivered with a work-oriented approach. The basic course

is accessible to all architects interested in acquiring knowledge and skills in the
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field and is open and free to all. For Italian Architects: the online course is
valid for the long-life training system and assigns 14 credits. Throughout,

each module is supported by references, a comprehensive bibliography with

downloadable PDFs and links of key readings provided so that the readers have

the possibility to deepen their knowledge of some of the topics addressed.

This basic course is made up of 5 modules, each split into several different lessons:

- MODULE 1 - introduction to sustainable retrofit, which covers sustainable

retrofit instead of demolition, retrofit drivers and benefits and barriers and

risks, and includes unintended consequences of retrofit. This module also

includes different standards for building retrofit (e.g. EnerPHit and

PassivHaus) and the role of the architect in sustainable building retrofit.

- MODULE 2 - building physics - passive design; which covers the

environmental control of the building, without energy consumption,

interactions between the building and the environment and basic knowledge

related to climate analysis, indoor human comfort, building envelope, passive

heating, natural ventilation and daylighting.

- MODULE 3 - building physics - active systems; this module deals with

energy consumption and production associated with buildings: mechanical

heating, cooling and ventilation, electric lighting; integrated energy production

from renewable sources and how building services and energy consumptions

impact the environment and how this impact can be assessed.

- MODULE 4 - approaches to sustainable retrofit focuses around exemplary

case studies at different scales, including ‘deep’ energy retrofits, retrofit in

heritage buildings, “Step-by-step” retrofits, payback of retrofit but also BIM for



© USE
2017

pg. 8

8
retrofit. Extra focus is also provided on minimising risks and unintended

consequences and finishes with a discussion on architects’ contributions to

retrofit in Europe.

- MODULE 5: This module focuses on the Stage zero and retrofitting projects

and focuses on providing guidance on how to put the retrofit knowledge into

real projects for real clients, showing how different approaches can be used

with clients in projects depending on their scale (large or small). Additionally,

it provides information on how to look for fiscal incentives and funding

opportunities and procurement for retrofitting. The emphasis is on developing

the idea of a project, an initial client brief and advising on the key retrofitting

technical aspects and the funding opportunities towards the best business

model for this kind of project.

Mobility abroad: second step of training

This is a follow on from the basic course and is an advanced retrofit course for

young architects to participate in the training activity abroad (in Rome, Turin,

Prague and London) for 5 days. This part of the course focuses on the analysis of

identified case studies representing relevant examples of retrofitting. In all locations,

the course includes exemplary case study visits and applying theory into practice,

focusing on skills needed for this, including undertaking a retrofit exercise of an

actual building as part of a team of European architects in London. In London,

students will also gain access to Eco-Connect, an international Refurbishment

Symposium focusing on “Productivity, Resilience and Sustainability: Re-thinking

assumptions and systems in a time of change”. In Rome, Turin and Prague, building

energy efficiency workshops will take place alongside building visits. 43 young
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architects were selected based on the results achieved during the first training part

completion.

1.2.1. European case studies

Exemplary case studies are identified throughout the course material. However, in

the mobility programme several case study buildings were visited and these include:

· London: RIBA 76 Portland Place.

· Prague: Šporkův palác and Panelák Lupáčova.

· Turin: Sant’Emanuele block, Corte Riflessa building and Bellavista block.

· Rome: Former-Glass palace and Cultural centre “CulturAprilia”.

1.2.2. Overview European Legislation

The EU has set itself a 20% energy savings target by 2020 and existing buildings

have a central role in achieving this target as they are responsible for approximately

40% of energy consumption and 36% of CO2 emissions in the EU. Currently, about

35% of the EU's buildings are over 50 years old and, on average, older buildings

consume about 5 times as much in space-heating demand than newer buildings.

Given that 75% to 90% of existing buildings in the EU today will still be standing in

2050, their upgrade is, sooner or later, inevitable.

Hence by improving the fabric (and system) energy efficiency of buildings, total EU

energy consumption and associated CO2 emissions can be reduced. This in turn

means that the retrofit of buildings has a great potential to stimulate the economy
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and professionals involved in retrofit would be able to offer an innovative

contribution to this large scale strategy. However, there is an urgent need for such

professionals.

Further detail is provided in Module 1.

1.2.3. Young European architects, upskilling and scope for retrofit

A 2014 ACE (Architects’ Council of Europe) study shows some encouraging trends

and positive perspectives: unemployment has fallen, practice revenues have risen

slightly, more architects are working full-time, and workloads for the next year are

expected to increase. However, in several countries underemployment and

unemployment remain a major concern. This data underlines that architects need to

widen and differentiate their competences in a market saturated by too many

architects encountering difficulties in accessing the profession and being

competitive.

The NET_Learning project therefore aims to create a workforce of qualified

professionals, whose skills are recognised and who are able to operate and

contribute at European level to achieve the objectives of the Europe 2020 strategy.

As such, the NET_Learning project provides training programmes and tools able to

fill the gap in required competences to work on the energy auditing and retrofit of

existing buildings.

The labour market will present a growing demand for these qualified professionals

who are capable of performing energy audits and who can design competitive and

innovative strategies for energy retrofitting on existing buildings. It is estimated that
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this process could create 2 million jobs. Hence this represents a real potential for

architects to address the shared concern for meeting the ambitious European and

national energy savings and carbon emission reductions while also tackling the lack

of job opportunities at a European and national level.

1.2.4. The platform

Since May 2017, the NET_Learning website has been

online (www.newenergytorebuild.eu / .com / .it. The website contains a full

description of the project, videos and interviews about retrofitting and an e-learning

platform.

The training programme of NET_learning is divided into 2 steps:

3. Step 1: online basic course of 14 hours "Retrofit Auditing, Low Energy and

Retrofits in the EU". The course is free of charge and is available through

registration on the e-learning platform.

4. Step 2: mobility programme consisting of a specialist course with case studies

and 5-day tour visits in London, Prague, Rome and Turin.

1.3. Evaluation and reflection

Between May 2017 and September 2017, 701 architects registered to undertake the

online basic course and, as of September 6th 2017, 132 participants have

successfully completed the course. Participants are from Italy, United Kingdom or

Czech Republic or are working in these countries and of different nationality).
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For the mobility programme, 108 young architects under 35 presented their

candidature (after passing the basic course) to take part. 43 of them were selected

and received a financial contribution to attend the specialist courses: 31 from Italy, 6

from United Kingdom and 6 from the Czech Republic. The mobility programme

concluded in all three partner countries in September 2017.

Updates were tweeted and posted on the NET_Learning programme Facebook

page – some images below from the advanced course. There are 237 followers of

the Facebook page.

Example of post on the NET-Learning Facebook page
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Example of post on the NET-Learning Facebook page
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Example of (anonymised) certificates issued after attending the advanced Mobility course (step 2)

Examples of the Mobility course activities in the different countries
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Examples of the Mobility course activities in the different countries; the sketches from the London

Advanced course where students undertook an actual retrofit design.
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162.Key Terminology

Throughout this handbook and the NET_Learning course, the term “retrofit” is used.

This is a term commonly used in the United Kingdom and refers to building

refurbishments where energy efficiency and reduction of energy use are a priority;

i.e. not just cosmetic, decorative or space planning alterations to existing buildings.

Hence, ‘retrofitting buildings’ is associated with thermal insulation upgrades,

airtightness, ventilation with heat recovery, water saving and recycling and

renewable energy systems; all of these principles are covered in the basic course.

To ensure there is no confusion and to emphasise the meaning of retrofit, often

‘sustainable retrofit’ is used.

In practical terms, this Handbook refers to ‘Lessons’ and ‘Modules’, where a lesson

is part of a module and there are 5 modules, each with a major theme. These 5

modules make up a ‘basic’ course in sustainable retrofit on an E-learning platform:

the NET_Learning Project. The basic (or beginner’s course) is then followed up with

an advanced course for 43 EU young architects, taking place as a 5-day mobility

course in one of the EU partner regions.

A Glossary is provided in the Appendix.
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3. Context of the NET_Learning Project

1.2. The general European framework for retrofit

The burning of fossil fuels by human activity releases greenhouse gases, the most

important of which is CO2 (carbon dioxide), which is changing the planet’s climate

and will continue to do so until we stop burning fossil fuels altogether. The EU

governments agree that limiting global warming to a 2°C rise is essential. About

40% of the energy used in the EU is for the operation and construction of buildings:

specifically lighting, heating, ventilation and cooling.

The majority of energy use in the EU is needed for space heating: 67% (EU

average). Apart from the Mediterranean countries, the share of space heating is in a

range of 60-80% of total energy consumption; in Malta, Cyprus and Portugal the

share of space heating is below 30% and just below 50% in Spain. Additionally, the

EU imports more than half of all the energy it consumes; and for crude oil more than

90% and 66% of natural gas is imported. The total import bill is more than €1 billion

per day. The context in which NET_Learning is implemented and its main aims are:

The EU countries are reducing emissions and the EU has committed to three

targets for 2020:

· Reduce emissions by 20% on 1990 levels.

· Provide 20% of its total energy from renewables.

· Increase energy efficiency by 20% from 2007 levels.

In addition, EU leaders have also endorsed an 80-95% reduction in emissions by

2050 and EU initiatives to reduce greenhouse gas emissions include the Energy
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Performance of Buildings Directive (EU Directive 2010/31/EU, EPBD), which is

probably the most important one for buildings and building retrofit. Additionally,

there is also the Renewable Energy Directive and the Energy Efficiency Directive

(2012). (See also Module 1.)

The EU has set itself a 20% energy savings target by 2020. Buildings have a central

role in the achievement of this target as they are responsible for 40% of energy

consumption and 36% of CO2 emissions in the EU.

Currently, about 35% of the EU's buildings are over 50 years old and 90% of

buildings today in the EU will still be standing by 2050. By improving the energy

efficiency of buildings, we could reduce total EU energy consumption significantly.

Therefore, the redevelopment of buildings has a great potential to stimulate the

economy and architectural professionals are able to offer an innovative contribution

to this large-scale strategy, which is urgently needed. The labour market will present

a growing demand for qualified professionals capable of performing energy audits

and designing competitive and innovative strategies for sustainable building retrofit:

it is estimated that this process could create 2 million jobs. This represents a real

potential for architects to meet the shared concern for energy savings and

increasing employment opportunity at a European level.

Young European architects, upskilling and scope for retrofit

A 2014 ACE (Architects’ Council of Europe) study shows some encouraging trends

and positive perspectives: unemployment has fallen, practice revenues have risen

slightly, more architects are working full-time, and workloads for the next year are

expected to increase.
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However, these positive developments must not hide the fact that the situation

differs greatly from one country to another. The market remains at a standstill in

several countries and underemployment and unemployment remain a major

concern. From the three countries represented in the study, the findings show how

the architecture market has decreased against an overall value of 14 billion € in

Europe, meanwhile the UK has the highest architectural market value (1.9m € with

57.000 €/architect), followed by Italy (1.9m € but with 12.000 €/architect) and the

Czech Republic (139.000 € and 17.000 €/architect).

This data underlines that architects need to widen and differentiate their

competences in a market saturated by too many architects encountering difficulties

in accessing the profession and being competitive.

Moreover, the Architects’ Council of Europe (2014) noted that only a very low

percentage of architects (3%) durably work in another European country and only

5% of EU architects gained experience abroad in the 12 months prior, though many

more (35%) had “seriously considered” the possibility to work in another EU country

(20% of British Architects compared to around 40% of Italian and Czech architects).

The biggest barriers for architects going to work in other EU countries are based on

practical, relocation or personal concerns. Almost half (47%) of surveyed architects

thought such issues were a major concern (particularly in Italy). Moreover,

insufficient language skills were raised as a major barrier to working in another EU

country: 50% of architects in the UK raised this as a concern, compared to an

average EU percentage of 38. In addition, a large number (37%) of surveyed

architects were also concerned about their knowledge of local planning and local

building regulations and 25% were also concerned about the lack of knowledge of

the local market.
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3.3. NET_Learning project aims

The NET_Learning project therefore has created a large database and resource to

support a workforce of qualified professionals with recognised skills, and who are

able to operate and contribute at European level to achieve the objectives of the EU

2020 strategy. As such, the NET_Learning project provides training programmes

and tools able to fill the gap in required competences to work on the energy auditing

and retrofit of existing buildings.

The labour market will present a growing demand for these qualified professionals

who are capable of performing energy audits and who can design competitive and

innovative strategies for energy retrofitting on existing buildings. It is estimated that

this process could create 2 million jobs. Hence this represents a real potential for

architects to address the shared concern for meeting the ambitious European and

national energy savings and carbon emission reductions while also tackling the lack

of job opportunities at a European and national level.

In addition, the NET_Learning project was specifically developed at a transnational

level to offer an opportunity to better understand other EU contexts, while also

offering young EU architects the chance to take part in a training activity abroad

while being supported by a stable European network. The need for mobility is

clearly evident from the data above but is also crucial when addressing the topic of

integration among professionals.

The NET_Learning project specifically aims at:

• Providing a specialisation to young architects (under 35) as European Energy

Auditors and Renovators (EEAR), adding specific competences, knowledge and

skills to an already recognised profile at national level. These specialised skills are
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in addition to those provided in European architects’ formal education at University,

and there will also be a strong practice and job-oriented approach. The professional

curriculum delivered through NET_Learning should fill this gap when considering

the following:

a) Architects train on a life-long learning basis. On average, Europe’s architects

undertake 20 hours of CPD (Continuing Professional Development) per year.

b) The design of energy efficiency as a retrofit service is now starting to be required

for architects by their clients; while at a European level this service is still only

required on 3% of the total number of projects delivered, this is increasing and, to

anticipate market needs, we need new professional profiles.

In addition, the NET_Learning project specifically aims to:

• Develop basic and transversal skills, including entrepreneurship, through the

provision of a solid and shared knowledge base on both the regulatory and

design framework regarding energy efficiency certification and on the

available methods and technologies to renovate existing buildings.

• Foster a stronger coherence and transparency between different national

recognition tools at European Level through a shared training programme

able to provide architects with the required knowledge, skills and

competences to operate in the EU.

• Grant wider access to the retrofit training material and information for the

identified target groups, through an open access Platform which will be a

reference point to reinforce links between training and job market and a

stable European network to promote entrepreneurship among architects.
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• Focus on lifelong learning strategies, the development of national

frameworks and flexible training programmes, in line with the strategic

objectives set out in the framework of the EU “Education and Training 2020”.

The general retrofit framework in NET_Learning partner countries

(and in the EU)

EU’s picture

Europe’s buildings emit 36% of CO2 emissions in Europe (ECF, 2013) because

most buildings are poorly or not insulated. This results in a high space heating

demand (50-65% of energy use in dwellings) and 75% of these buildings will still be

standing in 2050 so building retrofit is necessary to improve their condition and

reduce CO2 emissions. Additionally, there are between 50 and 125 million people

living in fuel or energy poverty in Europe, because of the poor quality of their

housing. Moreover, sustainable building retrofit will save €80 to €153 billion of

investment costs into the EU’s power system by 2050.

The EU has committed to significant CO2 emission reductions by 2020 and 2050

from 1990 levels as part of international agreements with the aim to mitigate climate

change. In support of these CO2 emission reductions, the European Energy

Performance of Buildings Directive (EPBD, Directive 2010/31/EU www.epbd-ca.eu)

supports the transparent reporting and setting of targets to achieve this in buildings.

Clearly, significant building upgrades are required to meet climate change mitigation

targets (80% reduction by 2050) and tackling the efficiency of housing will be

important in meeting these targets (as the majority of Europe’s buildings are

residential).
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In summary, as part of this and the Europe 2020 Programme, the main 5 targets for

the EU by 2020 are:

1. Employment: target of 75% of 20-64 year-olds to be employed.

2. R&D: target of 3% of the EU’s GDP to be invested in R&D.

3. Climate change and energy sustainability: greenhouse gas emission

reductions of 20% (or even 30%, if the conditions are right) lower than 1990.

20% of energy production from renewables; 20% increase in energy

efficiency.

4. Education: reducing rates of early school leaving below 10%; with at least

40% of 30-34 year-olds completing third level education.

5. Fighting poverty and social exclusion: at least 20 million fewer people in or at

risk of poverty and social exclusion.

UK’s Picture

In the UK, electricity is generated using a mix of mainly Gas - 29%, Renewables -

23%, Coal - 21% and nuclear - 19%. There are around 26 million dwellings and 2

million non-domestic buildings. There are around 450,000 listed buildings of historic

value, and building retrofit regulations can be relaxed for these buildings. Demolition

and replacement is below 1%. And so, 75-80% of the buildings in the UK today will

still be standing in 2050 and at present less than 1% of new-build dwellings are built

a year.

Housing is responsible for approximately 30% of the UK’s carbon emissions as

mostly fossil fuels are used to provide heating energy. The 2008 UK Climate

Change Act aims for an 80% CO2 emissions reduction target for 2050 with interim
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targets of 34% by 2020 (based on 1990 levels). As part of this, the goal is to make

the entire UK housing stock zero or low carbon by 2050. Today, pre-1919 existing

housing in the UK consumes 2 to 4 times as much as the current new dwelling

standard for space heating and 20 times more than the Passivhaus standard.

The fabric performance needed to meet the UK’s ambitious goals of 80% carbon

reductions must be significantly better than the current UK building regulations and

much higher fabric performance standards are needed, such as PassivHaus or

EnerPHit standards.

Hence, building retrofit has a huge potential to contribute to better occupant comfort

and well-being, reduced energy use and carbon emissions, and aesthetic upgrade

of buildings alongside creating employment opportunities for those involved.

Czech Republic’s picture

The Czech electricity generation mix is mainly coal (54%) with nuclear power

(32.5%) but also some biofuels and waste (6.3%), solar (2.7%) and natural gas

(2.7%) with hydro, wind and oil as the remainder. In the Czech Republic, annual

energy consumption is between 83 to 142 kWh/m2a.

Italy’s picture

In Italy, electricity is mainly generated from oil and gas fuels (63% with 42% gas),

though hydropower is also large with 24%, coal is just 9%. The remaining balance

comes from other renewable sources; mainly wind, geothermal and combustible

renewables and waste. Natural gas provides 37% of Italy’s total primary energy

supply and 91% comes from imported supplies. The total number of buildings in

Italy was 14.5 million, with 84% of buildings being residential and ≤0.5% demolition

rate per year. Households are responsible for 31.5% of total GHG emissions
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(Eurostat 2016), though schools and other publicly funded buildings have been

seen as priorities for retrofit and are incentivised. Italy also has a large number of

historical buildings (about 2 million) which were built before 1919; 30% need

restoration nationally while 50% need restoration in the southern regions.

In Italy, historic buildings are exempt from energy requirements, and traditionally the

approach to restoration is very conservative. However, there is a growing interest in

energy efficiency and sustainability. For instance, LEED Historic Buildings was

developed by The Green Building Council (GBC) Italia and the Ministry of Cultural

Heritage has funded research and feasibility studies for its own stock. Other

examples can be found at the EU funded EH-CMap Project.
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4.1. Content summary

In response to the above mentioned objectives, a free online basic learning course

(of about 20 hrs), enhanced by a 5-day advanced course as a mobility-abroad

programme for 43 young architects, was developed as part of this project. The

course material necessarily had to focus on the main partner countries, i.e. the

Czech Republic, Italy and the United Kingdom. However, many principles apply

across the EU, and the European climatic, policy and legislative context is drawn

upon throughout. The NET_Learning project is structured as follows:

The E-Learning Platform: first step of training (basic course) is an online

basic course, open to all architects coming from the partner regions. There

are tests for each Module and, depending on the test results, the student

may be selected for the Advanced mobility abroad course. This is an

innovative learning experience that will give participants the opportunity to

learn and practise retrofit auditing and low energy and retrofits in the
EU through 5 modules which are delivered with a work-oriented approach.

The basic course is accessible to all architects interested in acquiring

knowledge and skills in the field and is open and free to all. For Italian
Architects: the online course is valid for the long-life training system
and assigns 14 credits. Throughout, each module is supported by

references, a comprehensive bibliography with downloadable PDFs and links

of key readings provided so that the readers have the possibility to deepen

their knowledge of some of the topics addressed.
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This basic course is made up of 5 modules, each split into several different lessons:

- MODULE 1 - introduction to sustainable retrofit, which covers sustainable

retrofit instead of demolition, retrofit drivers and benefits and barriers and

risks, including unintended consequences of retrofit. This module also

includes different standards for building retrofit (e.g. EnerPHit and

PassivHaus) and the role of the architect in sustainable building retrofit.

- MODULE 2 - building physics - passive design; which covers the

environmental control of the building, without energy consumption,

interactions between the building and the environment and basic knowledge

related to climate analysis, indoor human comfort, building envelope, passive

heating, natural ventilation and daylighting.

- MODULE 3 - building physics - active systems; this module deals with

energy consumption and production associated with buildings: mechanical

heating, cooling and ventilation, electric lighting; integrated energy production

from renewable sources and how building services and energy consumptions

impact the environment and how this impact can be assessed.

- MODULE 4 - approaches to sustainable retrofit focuses around exemplary

case studies at different scales, including ‘deep’ energy retrofits, retrofit in

heritage buildings, “Step-by-step” retrofits, payback of retrofit but also BIM for

retrofit. Extra focus is also provided on minimising risks and unintended

consequences and finishes with a discussion on architects’ contributions to

retrofit in Europe.
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- MODULE 5: This module focuses on the Stage zero and retrofitting projects,

and on providing guidance on how to put the retrofit knowledge into real

projects for real clients, showing how different approaches can be used with

clients in projects depending on their scale (large or small). Additionally, it

provides information on how to look for fiscal incentives and funding

opportunities and procurement for retrofitting. The emphasis is on developing

the idea of a project, an initial client brief and advising on the key retrofitting

technical aspects and the funding opportunities towards the best business

model for this kind of project.

Mobility abroad: second step of training

This is a follow on from the basic course and is an advanced retrofit course for

young architects to participate in the training activity abroad (in Rome, Turin,

Prague and London) for 5 days. This part of the course focuses on the analysis of

identified case studies representing relevant examples of retrofitting. In all locations

the course includes exemplary case study visits and applying theory into practice,

focusing on skills needed for this, including undertaking a retrofit exercise of an

actual building as part of a team of European architects in London. In London,

students will also gain access to Eco-Connect, an international Refurbishment

Symposium focusing on “Productivity, Resilience and Sustainability: Re-thinking

assumptions and systems in a time of change”. In Rome, Turin and Prague, building

energy efficiency workshops will take place alongside building visits. 43 young

architects were selected based on the results achieved during the first training part

completion.
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4.2. The platform for E-learning

One of the intellectual outputs of the project is the NET-Learning website, which

includes e-learning platform.

http://www.newenergytorebuild.eu (also registered as

http://www.newenergytorebuild.com and http://www.newenergytorebuild.it) is

not only an open resource for education fostering an online course with its training

material, but also a place to exchange ideas and a job placement virtual tool at

European level.
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Landing page of the website

4.3. Description of the course and tool

The e-learning platform includes:

1) Basic online course, which focuses on the basic and transversal skills needed

as identified above and it addresses the following topics:

5. Legislative framework: the impact of the EPBD and EED directives to

understand the situation at European level

6. National contexts of the partners involved in terms of laws and professional roles

employed in the energy auditing field, including a comparative analysis of the
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national standards of the different partner states that regulate interventions on

housing

7. The differences between energy efficiency when dealing with existing building

(with respect to new construction)

8. Existing building energy auditing: processes, techniques, methodologies

9. Buildings energy auditing

10. Energy efficiency characteristics evaluation on existing buildings/property

11. Property analysis and survey

12. Project and design constructive solutions to improve energy performances on

existing buildings

13. Team working and problem solving, considered fundamental competences

especially in the field of Green Jobs

These topics are organized in 5 modules for an overall duration of about 15 hours.

Still and example of the basic online course on the NET_Learning platform.
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2) Mobility programme: it’s a Specialist Course of 5 days (plus 2 days for transfer)

focused on the analysis of case studies representing relevant examples of

retrofitting. It took place in September 2017 with the following calendar:

ROME from 4th to 8th September 2017

PRAGUE from 4th to 8th September 2017

LONDON from 11th to 15th September 2017

TURIN from 25th to 29th September 2017

Reports of the 4 specialist courses are uploaded in this section of the website and

one report from the Prague programme is included in the Appendix as an example.

3) Training material, including:

14. Didactic videos/ multimedia tools

15. Interviews

16. Documents (course handouts, etc.)

17. Slideshows

18. Quizzes and tests

4) “Job placement” section with a network of firms/enterprises offering jobs or

internship opportunities: this section will be implemented at the end of the project

and will be important also for its follow up. The aim is to have a list of firms,

authorities and enterprises located in Europe who are searching for the expertise

that the project NET_Learning will foster.
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5) Exchange platform for experts/architects on the topic addressed by the project

to compare and confront best practices and methodologies/techniques. It will be a

virtual place to share experience, case studies, opinions and ideas on the topic of

renovation, restoration and energy efficiency at European level.

4.4. The professional training programme

Basic course overview:

Title: Retrofit Auditing, Low Energy and Retrofits in the EU

MODULE 1 – INTRODUCTION TO SUSTAINABLE RETROFIT

- Sustainable retrofit instead of demolition

- Retrofit drivers/benefits and barriers/risks, including unintended

consequences of retrofit

- Different standards for building retrofit

- Role of the architect in sustainable building retrofit

MODULE 2 – BUILDING PHYSICS – PASSIVE DESIGN

- Definition of passive design: the environmental control of the building, without

energy consumption

- Interactions between the building and the environment

- Basic knowledge related to climate analysis, indoor human comfort, building

envelope, passive heating, natural ventilation and daylighting

MODULE 3 – BUILDING PHYSICS – ACTIVE SYSTEMS
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· This module deals with energy consumption and production associated with

buildings:

· Mechanical heating, cooling and ventilation, electric lighting

· Integrated energy production from renewable sources

· How building services and energy consumptions impact the environment and

how this impact can be assessed

MODULE 4 – APPROACHES TO SUSTAINABLE RETROFIT

• Exemplary case studies at different scales

• Deep energy retrofits, heritage and good architecture

• “Step-by-step” retrofits, payback

• BIM for retrofit

• Minimising risks and unintended consequences

• Architects’ contributions to retrofit in Europe.

MODULE 5 - STAGE ZERO

• How to create a retrofit project: key aspects, how to form a brief, how to

approach clients

• Small/large scale retrofit projects

• Fiscal incentives and funding opportunities

• Procurement for retrofitting
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Lecturers:

- Paola Boffo, Architect, UK

- Dr Marco Cimillo, Architect, Italy

- Walter Menteth, Architect and Senior Lecturer at Portsmouth University, UK

- Dr Sofie Pelsmakers, Architect and Environmental Design Lecturer at the

University of Sheffield and Head of Research at ECD Architects. Author of

The Environmental Design Pocketbook, UK

- Anthi Valavani, Architect, MSc Environmental Design and Engineering (UCL),

CoRE Retrofit Coordinator, UK

5. Module 1: Introduction to sustainable retrofit

5.1. Module content overview

This module covers issues such as why sustainable retrofit should be used instead

of demolition and the scale of the retrofit challenge ahead. Other lessons look in

detail at the retrofit drivers (energy policy, climate change, etc.) and benefits

(improved health and well-being, reduced energy bills, etc.) but also the barriers

(e.g. costs and payback) and risks (unintended consequences of retrofit such as

interstitial and surface condensation and health impacts). This module also includes

different standards for building retrofit (e.g. EnerPHit and PassivHaus) and how to

achieve a good building retrofit. The module concludes with the role of the architect
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in sustainable building retrofit through means of video interviews with experienced

retrofit architects.

This module consists out of 219 minutes of 6 recorded video lessons, though each

lesson might be split into several shorter video recordings (there are a total of 12

recordings). Both Lesson L0 and L5 consist of video interviews with architects. An

overview of the lesson content for this module is provided below.

L0 Introduction to basic training course

L1 Background

L1 Scale and timescale

L1 Why not demolish?

L2 Drivers for sustainable building upgrades

L2 Barriers to sustainable building upgrades

L3 Benefits of a successful retrofit

L3 Health and comfort in more detail

L3 Risks of retrofit and unintended consequences

L4 Different standards for building retrofit

L4 How to support a good building retrofit

L5 Role of architect - experienced architects

This module is set against the background of the EU’s Energy Performance of

Buildings Directive 2010/31/EU and its implications and implementation at the three

national contexts (Czech Republic, Italy and the UK). An overview is provided of
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energy use in EU countries, and how this has (in most countries) been reduced over

time. A comparative analysis is carried out of the national standards of the different

partner states that regulate interventions on existing buildings.

A brief overview of the content is provided below, and this also provides context to

the project given the EU and regional policy framework focus of this module.

L0 - Introduction to basic training course

This is a short video of interviews with young and experienced architects on why

building retrofit is urgent and important. Key points are that climate change, energy

costs, lack of thermal comfort but also the cultural and social value of existing

buildings to local communities are all key reasons why retrofit matters and is urgent.

L1 - Background

This lesson covers the background to why building retrofit matters in more detail;

focusing on climate change, resource use, and why so much energy is used in

buildings (and what we are doing about it). The lesson provides an EU-wide

overview and applicable policies and legislation, before looking at the partner

countries in more detail.

In summary:

Why retrofit? à Climate change

Since the Industrial Revolution in the late 18th century, we have been burning fossil

fuels on a gigantic scale. This releases greenhouse gases, the most important of

which is CO2 (carbon dioxide). There is no dispute that CO2 levels are rising as a

result of human activity. They are changing the planet’s climate and will continue to

do so until we stop burning fossil fuels altogether. The EU governments agree that
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limiting global warming to a 2°C rise is essential. However, global CO2 emissions

are currently rising at the rate associated with the medium or even high risk global

warming scenarios.

Globally, almost 75% of the fossil fuels burned are used to produce energy. We use

this energy for transportation, industrial manufacturing, agriculture and food

production and also for the operation of buildings: specifically lighting, heating,

ventilation and cooling. Additionally, 10% of a building’s total carbon footprint comes

from the industrial manufacturing of materials and their transportation, from

extraction to factory and site which is referred to as ‘embodied carbon’ (in kgCO2).

Why so much energy use in buildings? EU’s overview

In the EU, on average, household consumption is about 220 kWh/m2 which is

needed to operate buildings with a large gap between residential (200 kWh/m2) and

non-residential buildings (295 kWh/m2). This energy consumption is lower in

countries with a warm climate (e.g. Spain or Bulgaria) compared to colder countries,

such as Finland, Poland or Estonia, as the figure below indicates. The EU’s average

electricity use is around 70 kWh/m2, with most countries in the range of 40-80

kWh/m2. It is much higher in Nordic countries due to the use of electricity for space

heating (130 kWh/m2 in Sweden and Finland and around 170 kWh/m2 in Norway).

The majority of energy is needed for space heating: 67% (EU average).

Apart from the Mediterranean countries, the share of space heating is in a range of

60-80% of total energy consumption; in Malta, Cyprus and Portugal the share of

space heating is below 30% and just below 50% in Spain.
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Water heating ranks second with a quite stable share (13%). Electrical appliances

are having a greater importance: their share has increased from 9 to 11%. Cooking

represents 6% of the total, lighting 2% and air conditioning only 0.5%.

Energy use in EU http://www.eea.europa.eu/data-and-maps/figures/households-energy-

consumption-by-end-uses-5/ener22_fig7/image_large

What are we doing?

The EU countries are reducing emissions and the EU has committed to three

targets for 2020 (from www.theccc.org.uk):

1. The first is to reduce emissions by 20% on 1990 levels.

2. The second is to provide 20% of its total energy from renewables.

3. The third is to increase energy efficiency by 20% from 2007 levels.
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In addition:

– EU leaders have also endorsed an 80-95% reduction in emissions by

2050.

– EU initiatives to reduce greenhouse gas emissions include:

• EU Emissions Trading System (EU ETS)

• Renewable Energy Directive

• Energy Efficiency Directive (2012)

• New car and van CO2 targets

• Carbon Capture and Storage (CCS)

• 2030 Climate Framework

Why retrofit? à Resource use

Resources are finite and have a significant impact on environment,

biodiversity and humans.

EU’s picture

Fossil fuels are a finite resource: easily and cheaply exploited reserves might be

nearing depletion and in the future will become prohibitively expensive. But our

hunger for fossil fuels not only endangers our financial security, there are also grave

global environmental implications. Natural resources underpin the functioning of the

European and global economy and our quality of life. These resources include raw
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materials such as fuels, minerals and materials, as well as food, soil, water, air,

biomass and ecosystems.

The vision is that by 2050 the EU’s economy will have grown in a way that respects

resource constraints and planetary boundaries; contributing to global economic

transformation. Our EU economy is competitive, inclusive and provides a high

standard of living with much lower environmental impacts. All resources should be

sustainably managed, from raw materials to energy, water, air, land and soil.

Climate change milestones have been reached, while biodiversity and the

ecosystem services it underpins have been protected, valued and substantially

restored.

The EU imports more than half of all the energy it consumes. Its import dependency

is particularly high for crude oil (more than 90%) and natural gas (66%). The total

import bill is more than €1 billion per day. Some countries rely on a single supplier,

leaving them vulnerable to supply disruptions. The solution is to diversify energy

supply, undertake more energy production within the EU (renewables) and, of

course, significant energy reduction is needed; especially from building energy use.

Reducing energy use will:

• Reduce reliance on imported fuel, i.e. contribute to energy security

• Reduce the need for new power stations

• Reduce the operating cost of buildings and, therefore, also reduce the cost of

new power stations
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UK’s picture

Electricity is generated using a mix of mainly Gas - 29%, Renewables - 23%, Coal -

21%, Nuclear - 19%. Households are responsible for 30% of the UK’s carbon

emissions (DECC, DUKES - Domestic Energy Consumption in the UK 2011, DECC,

Editor 2011: London).

Czech Republic’s picture

Electricity generation mix: coal 54%, nuclear power 32.5%, biofuels and waste

6.3%, solar 2.7%, natural gas 2.7%, hydro 1%, wind 0.7%, and oil 0.1% (2015).

Italy’s picture

Electricity: Oil- and gas-fired generation makes up over 63% of generating capacity,

with a large share of gas (42%), hydropower - 24%, coal - 9%. The remaining

balance comes from other renewable sources, mainly wind, geothermal and

combustible renewable and waste. (2009)

Natural gas provides 37% of Italy’s total primary energy supply. 91% comes from

imported supplies.

L1 - Scale and timescale

In summary:

There are millions of uninsulated/underperforming existing buildings in Europe;

these need urgent upgrading to meet the EU’s (and each individual country’s)

energy efficiency standards and carbon emission reduction targets of 80-95% by

2050.
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EU’s picture

Gleeson et al. (2011)

As the image above indicates, a total investment of nearly €2250 billion would be

necessary if all retrofit measures in the scope of the EPBD Directive were

implemented immediately in the complete residential and non-residential building

stock within the EU’s 15 members.

Extending to all of the EU will require more investment; though less if only including

large buildings (excluding smaller dwellings). (Gleeson et al., 2011)
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UK’s picture

Housing is responsible for approximately 30% of UK’s carbon emissions as mostly

fossil fuels provide heating energy. The 2008 UK Climate Change Act aims to make

the entire UK housing stock zero or low carbon by 2050.

Today, pre-1919 existing housing in the UK consumes 2 to 4 times as much as the

current new dwelling standard for space heating, and 20 times more than the

Passivhaus standard. For that reason it is not a surprise that around 7 million

existing dwellings in the UK (of which 4.6 million are in England alone) are

responsible for almost 30% of UK’s CO2 emissions.

Czech Republic’s picture

In the Czech Republic, annual energy consumption is:

· 98-142kWh/m2a (family house).

· 83-120kWh/m2a (residential house).

Italy’s picture

In Italy, typical energy-use benchmarks of existing dwellings are according to the

age of the building. Households are responsible for 31.5% of total GHG emissions

(Eurostat 2016).

Schools are considered a high priority and a €350 billion call was launched by the

central government in April 2016 to fund local projects (in addition to the set of

incentives already in place for all public buildings).
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L1 - Why not demolish?

This lesson looks at the advantages and disadvantages of building demolition.

In summary:

UK’s picture

• There are around 26 million dwellings and 2 million non-domestic buildings.

(RIBA Climate Change Toolkit.)

• Around 450,000 are listed buildings and there are around 10,000

conservation areas; listed buildings can request exemption from improved

standards.

• About 30% of or 7 million dwellings are pre-war (pre-1919).

• Demolition and replacement is below 1%. So 75-80% of the buildings in the

UK today will still be standing in 2050.

• Less than 1% of new-build dwellings are built a year

Hence, building retrofit has a huge potential to contribute to better occupant comfort

and well-being, reduced energy use and carbon emissions, and aesthetic upgrade

of buildings.

Italy’s picture

• In 2011, the total number of buildings in Italy was 14.5 million, with a growth

of 13.1% on 2001 stock. 84% of buildings are residential (Istat, 2014). The

annual demolition rate was in the range of 0.2-0.5% (Cresme, Rapporto

RIUSO 2012).
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• 2.1 million historical buildings were built before 1919; 30% need restoration

nationally, 50% need restoration in the southern regions (Istat Rapporto BES

2013).

• In Italy, historic buildings are exempt from energy requirements, and

traditionally the approach to restoration is very conservative.

However, there is a growing interest in energy efficiency and sustainability. For

instance, LEED Historic Buildings has been developed by The Green Building

Council (GBC) Italia and the Ministry of Cultural Heritage has funded research and

feasibility studies for its own stock. Other examples can be found at the EU funded

EH-CMap Project.

Advantages of building demolition

Demolition and rebuilding would allow:

– Rebuilding at a much higher standard and better performing buildings.

– Significantly reduced energy use and associated carbon emissions.

– Improved occupant thermal comfort and lower running costs.

But with careful design and detailing, high retrofit standards and occupant comfort

could also be achieved. This is preferable over demolition because there are many

implications of building demolition, as summarised below.
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Disadvantages of building demolition

Demolition would likely increase embodied carbon/embodied energy:

– Most of the building materials in new buildings are newly produced and

processed, so new homes use up to 8 times more resources than an

equivalent refurbishment (Ireland, 2008; Yates, 2006).

– The building process itself also wastes about 30% of the new materials, and

demolition waste goes mostly to landfill or for building hardcore (SDC, 2006).

– Additionally, the exhaustion of available landfill sites has serious implications

for the scale of building waste.

Demolition and building anew raises other environmental issues such as:

– The transport impact of large-scale demolition and building (owing to the

sheer volumes of material being moved).

– The use of toxic and energy-intensive materials such as UPVC, chipboard,

glues, cement and aggregates.

There are also social/community impacts associated with building demolition, such

as:

– Residents have to move out – often away from their local community. Often

they cannot afford to return.

– Communities get broken up.

– These are often replaced by cheap house building on a large scale over

accelerated time periods (Power et al., 2004; Rogers and Power, 2000).
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– Essential infrastructure often arrives after development and sometimes not at

all.

Hence, building retrofit is almost always preferred over building demolition, due to

the social and environmental impacts described above.

L2 - Drivers for sustainable building upgrades

This lesson looks at the different drivers for building retrofit and covers the following

issues, which are also briefly expanded on in the following pages:

· Housing crisis

· Condition of building stock

· Projections

· Current situation outside the EU

· Background - International agreements

· Compliance - Regulations

· Sustainable growth

· Monitoring progress

· Resource Scarcity

· Energy security

· Added value, Fuel poverty and health and well being

In summary:

Current situation: Housing crisis

There are more people without a home today in Europe than six years ago and

there are not enough affordable homes available in most European countries to
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meet the increasing demand. The majority of people aged 18-34 still live with their

parents – for example 66% of them in Italy, 58% in Portugal, 55% in Spain, and

74% in Slovakia. An insufficient number of homes are being built, and the retrofit of

existing buildings, along with reconfiguration to provide new dwellings, might tackle

the lack of affordable housing.

source: 1http://www.housingeurope.eu/resource-468/the-state-of-housing-in-the-eu-2015

Condition of building stock

Europe’s buildings emit 36% of CO2 emissions in Europe (ECF, 2013) because

most buildings are poorly or not insulated, resulting in a high space heating demand

(50-65% of energy use in dwellings, EHS, 2013). And 75% of these buildings will

still be standing in 2050, so building retrofit is necessary to improve their condition

and reduce CO2 emissions.

Projections

Renovating the European Union’s building stock for energy efficiency will save €80

to €153 billion of investment costs into the bloc’s power system by 2050, new

research by EurActiv has found.
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Allocating €50 billion (17% of the total) to thermal upgrades would improve the 5

million housing units whose residents are most affected by energy poverty.

Current situation outside the EU

Building retrofit is not just an issue in the EU; in 2014, China made an $18 billion

investment in building retrofit; $11 billion in domestic retrofit sector. (ECEEE)

In 2011, In the U.S. spending on home improvements and maintenance totaled

$225 billion but only a small fraction was associated with energy upgrades, yet this

could save 20% on annual energy costs. (EERE, SEE Action)

Background - International agreements

To reduce climate change, carbon dioxide reduction targets have been globally

agreed to and the EU countries are signatories of this; committing to significant CO2

emission reductions by 2020 and 2050 from 1990 levels. For example, in 1992 -

Agenda 21, a United Nations Conference on Environment and Development

(UNCED) was held in Rio de Janeiro, Brazil. The following programmes were

adopted by more than 178 UN member countries, including the EU:

• Agenda 21.

• The Rio Declaration on Environment and Development.

• The Statement of principles for the Sustainable Management of Forests.

Compliance - Regulations

• 2010 - European Energy Performance of Buildings Directive (EPBD,

Directive 2010/31/EU www.epbd-ca.eu): Over 120 participants from 29

countries.

• Outcomes 2011-2015 Report Issued with Local Regulations for each country.



© USE
2017

pg. 51

51
• 2015 - COP21 Paris Climate Conference.

Significant building upgrades are required to meet climate change mitigation targets

(80% reduction by 2050, which is internally driven and EU driven in each EU

member state).

Sustainable growth

The Europe 2020 Program sets out ambitions for smart, sustainable and inclusive

growth:

- Investments in education, research, innovation

- Moving towards low-carbon economy.

- Job Creation.

- Poverty Reduction.

The 5 targets for the EU by 2020 are:

· Employment: target of 75% of 20-64 year-olds to be employed.

· R&D: target of 3% of the EU’s GDP to be invested in R&D.

· Climate change and energy sustainability: greenhouse gas emission

reductions of 20% (or even 30%, if the conditions are right, lower than

1990); 20% of energy production from renewables; 20% increase in

energy efficiency.

· Education: Reducing rates of early school leaving below 10%; at least

40% of 30-34 year-olds completing third level education.

· Fighting poverty and social exclusion: at least 20 million fewer people

in or at risk of poverty and social exclusion.
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Monitoring progress

The EU also monitors its progress towards its targets, and that acts as a driver for

improvements in meeting the agreed targets (as reported above). The EEA Report

covers trends and projections in Europe to track progress towards Europe's climate

and energy targets. It is based on national data on GHG emissions, renewable

energy and energy consumption for 2013; and projections reported by Member

States concerning expected trends in greenhouse gas emissions until 2035.

Resource Scarcity

The scarcity of resources is another driver to undertake sustainable retrofit and

resource efficiency in Europe (31 EEA Countries) is set out in:

• The Roadmap to a Resource Efficient Europe

• Online Resource Efficiency Platform (OREP)

• EU Strategy for Water Scarcity and Droughts, 2012

• GAIA: On the road to Zero Waste

Energy security

The International Energy Agency (IEA) defines energy security as “the uninterrupted

availability of energy sources at an affordable price”. Given that the EU imports

more than half of all the energy it consumes, with a total import bill more than €1

billion per day, achieving energy security within the EU is crucial. To that effect,

sustainable retrofit leads to:

• Reduced energy consumption
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• Less reliance on energy (i.e. buildings that become more energy efficient

through retrofit) ensures that there is available energy for all.

• Reduced fuel poverty and improved health and well-being.

Fuel poverty (or energy poverty) is where people have to choose between

‘eat or heat’. This is a real issue in the EU (and where more than 10% of

household income is spent on energy) but can be remediated when space-

heating is reduced through building retrofit. There are associated health

issues with people living in fuel poverty; not being able to heat your home

also takes a huge toll on health in general: there are higher incidences

reported of asthma, bronchitis, heart and lung disease, kidney disease and

mental health problems.

51 million Europeans cannot pay their energy bills, which means they often

cannot heat their homes in winter.  In total, between 50 and 125 million

people are living in energy poverty in Europe because of the poor quality of

their housing.

An average subsidy of 20 – 25% of the refurbishment cost per housing unit

would provide the necessary and adequate boost to allow housing upgrades

to be carried out, as has been proven in several EU countries under

successful national initiatives.

- Reduced cost to keep warm: on average £800 a year for space-heating
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L2 - Barriers to sustainable building upgrades

As expected, there are several barriers to building retrofit, and these are discussed

in this lesson in more detail, and include policy issues, poor engagement and lack of

interest, retrofit cost and value, technical issues and hassle factor (disruption

caused by retrofit) as well as CO2 emission targets itself. These issues are briefly

summarised below.

In summary:

Policy issues

Policies and agreements are quite complicated, often inadequate and not easy to

implement due to:

• Difficulty in adopting new technologies and methods of applying

sustainability.

• Lack of understanding of new processes, required roles and networks.

• Inadequate or non-existent funding and incentives; energy efficiency funding

should be prioritised over energy production funding but this is often not the

case.

• Lack of information on existing condition of the building stock – big data

which leads to insufficient target setting.

• Fuel poverty policy is not combined with energy policy (we want people in

fuel poverty to be warmer for lower cost, not to reduce their energy use

further).
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• Energy security is not resolved and there is a lack of local sourcing of retrofit

materials and products (this creates import risks: currency exchange, Brexit

& the global market, etc.) → establishment of more local supply chains is

needed.

Control of GHG and CO2 emissions

Regulations and agreements regarding the environmental pollution and climate

change mitigations set limits to sustainable developments due to GHG and CO2

reduction targets. While it is important to adopt Low-Carbon and Zero-Energy

strategies in building refurbishment, the availability of materials and local resourcing

also can set barriers to sustainable retrofit.

Technical issues

Some of the technical issues during the retrofit projects are:

• Physical condition of existing buildings.

• Suitability of retrofit measures according to building types.

• Lack of technologies and available skills.

Poor engagement and lack of interest

Stakeholder engagement at a community scale requires participation at a

number of different levels, engaging executive level decision making

organisations as well as local business, service providers and individuals at

various levels. Often individuals are uninterested as they may not fully

understand the benefits and value of building retrofit or be able to afford it.

Therefore, engagement is often low and not aided by the disruption and

hassle of retrofit works – as described below.
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Management: hassle and disruption

Often a big retrofit barrier is the hassle and disruption that retrofit

construction work brings for a duration of time, especially when people still

have to live and work in the building alongside the retrofit works. Disruption

and hassle comes from:

• Noise & pollution during retrofit works.

• Health & Safety: living in the construction site means it is more difficult to

meet health and safety requirements in private homes where residents are

in-situ during works, particularly when internal insulation works are done.

• Decanting (moving) of residents in larger scale projects might be needed,

such as social housing and big estates; this has cost and social implications.

L3 - Benefits of sustainable building upgrades

There are of course many significant benefits to building retrofit, usually over the

life-time of the building, if the retrofit has been undertaken appropriately. Building

retrofit benefits include:

® Improved occupant health and well-being (i.e. increased thermal comfort)

® Improved long-term ‘health’ of the building

® Reduced energy bills

® Quieter internal environments

® Reduced local and global pollution (e.g. lower CO2 emissions)

Summary

Health and comfort
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A retrofit project can give several benefits such as improved health and well-being,

comfort, improved long-term health of the building, reduction in energy bills, quieter

internal environments and lower carbon emissions. There are many potential health

risks to living in a non-retrofitted, cold building. For example:

• Heart attacks and strokes are significantly more likely to occur at indoor

temperatures of 5-10°C than at 18-20°C. (Public Health England)

• Government statistics show that cold weather and overheating both lead to

an increase in deaths or hospitalisation of the old, young or those with

reduced mobility.

• A badly insulated building leads to high energy bills and to people living in

fuel poverty and discomfort where they have to choose between heating or

eating: in the EU it is estimated that around 150 million people live in fuel

poverty.

However, retrofit can reduce respiratory and cardiovascular diseases, allergies,

arthritis and rheumatism and can reduce mental health issues (Liddell and Morris,

2010).

Long-term health of the building

A lack of maintenance can put a building at risk of deterioration (and in turn affect

occupant health), and leaving small problems untreated can lead to much larger

and costlier issues in the future. While retrofit can remediate these issues and

extend the life-span of the building, retrofit can also change the balance of a

building and damage the long-term health of the building if unsuitable approaches

are taken. This effect can be exacerbated if there are already issues present in the

building. However this can be avoided by
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• Good maintenance.

• Undertaking appropriate retrofit approaches.

• Assessing the building and identifying and rectifying any issues before

undertaking a retrofit.

Reduced energy bills

The rising cost of energy bills is an issue for many households. Living in a hard-to-

heat home on a very low income can have far-reaching implications for some

householders, leading to fuel/energy poverty (as discussed elsewhere). Having to

choose between paying the rent, buying food or heating the home can lead to

spiraling financial problems, health problems, or both. Hence, an important benefit

(and driver) of building retrofit is lower energy bills from the improved building fabric.

Quieter internal environments

Insulating the fabric isolates the internal environment from the outside and creates

quieter indoor environments. For this reason, many people choose to install better

performing windows. However, this could also have negative impacts in some

cases: people no longer hear the sound of birds; and internal sounds, such as the

humming of the fridge and ventilation fans, as well as neighbours’ noise, might

become more pronounced with external sounds no longer masking these internal

sounds. Care, therefore, needs to be undertaken to understand these changes

relating to building retrofit.

Benefits also depend on a ‘good’ or a ‘bad’ retrofit

Avoiding unintended consequences in building retrofit is crucial to ensure that the

occupants benefit from the retrofit for many years to come. This can be achieved by
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careful investigation of the building and appropriate design, specification (and

installation) of retrofit strategies. The next table contrasts what we want (i.e. a good,

robust retrofit) with what we don’t want (i.e. a bad retrofit).

Good and bad retrofit table. Content courtesy of AECB CarbonLite retrofit training programme

www.aecb.net

What are the retrofit priorities?

Generally there are clear principles to investigate and assess for each building

retrofit. Listed buildings or other specific contexts may require a different approach,

but generally we should “put fabric first”: i.e. insulate and ventilate the building. This

includes draught proofing (closing all gaps and cracks), insulating the fabric;

including walls, windows and doors, loft/roof insulation and underfloor insulation.
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Once this has been considered, we consider mechanical systems: i.e. new heating

systems, usable controls, etc. And only then do we consider renewable energy

systems, e.g. Photovoltaics and solar panels.

L3 - Health and comfort in more detail

Due to the importance of occupant health and well-being as both a driver and a

benefit related to building retrofit, a separate lesson is dedicated to this and key

points are summarised below. This material is based on the AECB/ and the Retrofit

Academy’s Low Carbon Retrofit Course.

In summary

Health at home

• Allergies, coughs and respiratory problems.

• High humidity

• Not enough daylight

• Condensation and mould growth.

• Chemicals (cleaning products, etc.).

• Pollution (internal and external).

Internal Air Quality monitors may help with the evaluation of the presence of

these pollutants.

Issues

Energy and carbon savings can often dominate discussions on retrofit. However, we

can also design for and build in thermal comfort and health benefits. Many people
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who retrofit their homes state that comfort is one of the key drivers. High levels of

comfort may also be desirable for other reasons too, for example:

• If a home feels uncomfortable (due to draughts or cold surfaces), the

occupants may turn up the heating. This increases their energy bills and

carbon emissions.

There is a great deal more to comfort than this, of course, and being comfortable is

an important part of being healthy, because:

• The cold worsens respiratory and cardiovascular conditions, particularly in

people who are unwell, elderly or very young.

• Overheating can lead to serious complications including heart problems,

comas and even death, particularly in people who are unwell, elderly or very

young.

A good retrofit will simultaneously improve comfort and various physical

determinants of health. These improvements include those directly impacting on

perceived comfort, and also ‘invisible’ improvements which are nonetheless

important to health. Additional improvements worth a mention and consideration

are:

• Adequate and flexible control over indoor conditions.

• Quieter indoor environment: may help lower stress and improve sleep.

• More secure: may help lower stress and improve sleep.

How can retrofit improve comfort & health?



© USE
2017

pg. 62

62
Acceptable air temperatures are necessary, but there is more to thermal comfort.

For example, issues like thermal bridges and draughts can impact on comfort in a

room in which the air temperature is apparently ‘warm enough’. Similarly, adequate

ventilation is necessary but on its own is not sufficient to ensure good indoor air

quality.

• For example, if the ventilation air is mixing with musty air from a damp cellar,

it won’t be healthy at all.

• Thermal comfort, good indoor air quality and occupant health can and should

be addressed by a comprehensive retrofit. If they are not, the dwelling might

be warmer and more energy efficient, but it may not be more comfortable

and it may not be healthier.

• In worst case scenarios, it might even be less healthy, so an integrated

approach focusing on energy, carbon savings, comfort and health is very

important.

How do temperature and air movement affect thermal comfort?

Below are some basic guidelines to consider with regards to temperature and

ventilation when seeking to create a comfortable environment, and to improve our

comfort we should design to:

• Insulate as uniformly as is reasonably possible, minimizing thermal bridges.

• Improve the airtightness of our building to reduce uncontrolled air movement.

• Ensure that the rate of supply and extract of ventilation air in each room is

not perceived as draught.
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• Ensure that in winter, during the day and also at night, indoor temperatures

can reach at least 18ºC. Rooms in which infants sleep should be heated to

between 16 to 20°C (61 – 68°F).

• Take account of internal heat gains and make realistic assumptions for actual

heat gains, this includes the number of occupants, type and number of

appliances and electrical equipment, and so on, and introduce energy

efficient systems in the building retrofit.

A well-insulated building can also prevent summer overheating, but this

usually requires good solar design and a summer ventilation strategy, i.e.

design solar shading to suit the exposure of windows to the summer sun and

providing good, secure cross (or purge) ventilation for night-time cooling.

Look for fixed solar shading opportunities while designing the retrofit, but

ensure that winter solar gain is not compromised. Undertake “stress tests”:

reduce operable solar shading and openable windows by 50% from those

assumed.

Image by Sofie Pelsmakers © The Environmental Design Pocketbook
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L3 - Risks of sustainable building upgrades: importance of getting it right

There are several risks and ‘unintended consequences’ associated with building

retrofit, which is the topic of this lesson. Given the cost of building retrofit and the

importance of retrofit in reducing energy use/bills/carbon emissions and improving

(not worsening!) occupant health and well-being, it is important to make sure that

the benefits are maximised and risks of retrofit are minimised and controlled for.

The identified risks associated with building retrofit can include:

® 'Take back’

® Performance gap

® Fabric damage

® Indoor air quality issues (IAQ)

® Building overheating

® A changing climate affecting the retrofit.

These issues are summarised below.

In summary

'Take back’

Retrofit does not always lead to lower energy use: occupants may use more or the

same amount of energy after retrofit. The reasons for this may include the following:

• Occupants make up reduced savings by using more energy elsewhere as

they now have more money from savings elsewhere.

• Occupants may heat or use more rooms.

• Occupants may heat to higher, more comfortable temperatures.
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• Heat supply systems might not be adjusted (i.e. habits remain the same but

building retains heat for longer, so unintentional warmer temperatures occur).

Note that when occupants are in fuel poverty, they might be ‘forced’ low energy

users, so the same or slightly higher energy use might be a good thing, and not

evidence that a retrofit “failed”.

The performance gap

The ‘performance gap’ is a divergence between predicted and actual energy use

and carbon emissions. In some cases the actual energy use can be 50% higher

than predicted. In particular, electricity use is difficult to predict.

The reasons for the performance gap may include:

• Estimations of energy savings are based on a paper exercise (we calculate

and predict energy use and this is based on assumptions, simplifications,

lack of information about the existing building, and inaccurate models).

• A combination of design, installation, workmanship, commissioning and

complex user controls not matching actual build.

• Ill-suited predictive tools (models), especially for existing, older constructions.

• Too little in-situ monitoring and testing to understand actual energy use (vs

lots of use of models).

Of course, if buildings are not refurbished to the standard as expected, or if issues

occur during the retrofitted building’s lifetime, assumed ‘payback’ and CO2 savings

will not be materialized.

Fabric damage
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Fabric damage can be caused by:

• Interstitial condensation (i.e. within the structure of the building), leading

to, for example, timber rot and mould growth in the structure.

• Surface condensation, leading to decorative finishes marked with mould

growth.

• Trapped driving rain when internally insulated, again leading to mould

growth and/or timber rot, etc.

• Structural damage is now hidden behind insulation and no longer visible.

Moisture issues – whether as a liquid or as a vapour as described above - can lead

to structural failure (e.g. timber rot weakens the structure) but also significant

occupant health issues caused by mould growth and other pollution finding its way

into the occupants’ living spaces, leading to worsened IAQ issues, as discussed

below.

Indoor air quality issues (IAQ)

Retrofit can cause potentially worse internal air quality caused by:

• Fabric damage and moisture issues leading to mould growth and timber

rot.

• Lack of good year-round background ventilation.

• Toxic finishes (off-gassing) and insulation materials.

• Radon-gases build-up.

• Behaviour: air fresheners, gas-cooking, cleaning products: all cause

pollution which takes longer to dissipate in an airtight construction.
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To ensure good IAQ, good, controlled background ventilation is required all year

round (e.g. MEV/MVHR) and there is a need for the specification of non-toxic

finishes. Also important, even in cold draughty buildings, is to reduce surface

condensation and indoor humidity (often gaps and cracks are insufficient to control

and reduce internally).

Building overheating

Summer overheating can become an increased risk after low-energy retrofit, due to:

• Lack of solar shading.

• Lack of night-time cooling.

• External instead of internal opening windows, so that solar shading cannot

be closed if fresh air is also desired.

• Presence of energy inefficient appliances (fridge/freezer, etc.) and other high

internal gains (small dwellings, inefficient lights, etc.).

• Hot water pipework insufficiently insulated.

• Loss of thermal mass if internally insulated.

L4 - Different standards for deep energy upgrades

This lesson looks at what kinds of standards are needed to meet the EU’s carbon

emission reduction targets. It sets out contraction and convergence principles, the

main factors influencing thermal performance in retrofit, what retrofit standards we

are looking for and whether super-insulation still makes sense in a warming climate.

In summary
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Contraction and convergence principles

Contraction and convergence is a global framework for more equitably reducing

greenhouse gas emissions and whereby high-polluting countries should reduce

(contract) carbon emissions, while low polluting countries’ emissions are allowed to

increase and converge towards equal per person emissions globally.

• These principles dictate that the EU, and therefore most countries in the EU,

should actually cut or contract its carbon emissions by 80-100%.

© Pelsmakers, The Environmental Design Pocketbook, Riba Publishing (2015)

The main factors influencing thermal performance in retrofit

There are several factors which influence thermal performance in retrofit,

including:

• Form factor (large exposed surface area).
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• Underperforming windows/glazing.

• Air-infiltration (draughty buildings).

• No or little fabric insulation.

• High conductive, radiant and convective heat losses from the building.

What retrofit standards are we looking for?

EU’s picture

The EU has introduced legislation to ensure that buildings consume less energy. A

key part of this legislation is the Energy Performance of Buildings Directive first

published in 2002, which required all EU Member States to enhance their building

regulations and to introduce energy certification schemes also for the existing

building stock. At the same time, the refurbishment of existing buildings provides an

opportunity to create local jobs, stimulate the economy and generate financial

savings.

UK’s picture

The Climate Change Act 2008 and Climate Change (Scotland) Act 2009 is a

general piece of legislation for developing a world-first low carbon economy in the

UK which sets its own binding targets. The UK aim for buildings is an 80% CO2

emissions reduction target for 2050 with interim targets of 34% by 2020 (based on

1990 levels).

à Hence all existing buildings should be upgraded to be ‘zero carbon’ by 2050 to

meet the UK’s 80% CO2 reduction target. Unfortunately, a 2016 target for all new

buildings to be “zero carbon” was scrapped in 2015.
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The table below illustrates the approximate fabric performance needed to meet the

UK’s ambitious goal of 80% carbon reduction, which is significantly better than the

current UK building regulations propose. Instead of the UK regulatory requirements

(which are the worst allowable standards), much higher fabric performance

standards are needed, such as PassivHaus or EnerPHit standards. (Note that for

the UK building regulations, all values have more complex alternatives and UK

regulations (Part L1B) needs to be consulted. There are also caveats which relax

these rules).

Diagram from slides by Dr Pelsmakers

Italy’s picture

In Italy, standards and requirements for energy upgrades are defined by Law

192/2005 and subsequent modifications and integrations and minimum standards

also exist.
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A list of relevant national laws and codes can be found at the Italian Standardisation

Institute, Building Energy Committee and Energy Certification is required for major

upgrading as per EPBD Directive.

“Protocollo ITACA”, the official Italian building sustainability assessment method, is

(voluntarily) used for both new construction and upgrades. In addition, LEED

Historic Buildings has been developed by GBC Italia for buildings built before 1945.

Does super-insulation still make sense in a warming climate?

Super-insulation in a warming climate still makes sense. For example, it is

estimated that in 2080 approximately 10 Passivhaus dwellings can be heated with

the same energy needed for 1 un-refurbished dwelling in the UK. Even Passivhaus

buildings will still require some winter space heating in most EU countries.

If designed well, super-insulation will also protect against summer overheating

(though solar shading, etc., will need to be provided). Increasingly important will be:

· Solar shading.

· Secure night-cooling/ventilation.

· Top quality energy saving appliances:

o Lighting.

o Refrigerator/freezer.

o Washing machine.

o Dryers.



© USE
2017

pg. 72

72
L4 - How to support a good building retrofit

This lesson covers the best practices to undertake in support of good

building retrofits, and discusses principles such as soft landings, stakeholder

engagement, care with software simulations, the importance of designing

with inter-disciplinary teams and good on-site workmanship. Finally, post

occupancy evaluation and provision of user guides are necessary to support

building users after retrofit completion and to ensure energy savings can be

materialised.

L5 - Role of the architect

The final lesson of this module gives an overview of the role of the architect in

sustainable building retrofit. Architects can contribute a real value in building retrofit,

especially related to:

® Design;

® Technical design;

® Social considerations;

® Retrofit co-ordinator role.

5.2. Bibliography & links

See Sources in Section 13.
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736. Basic - Module 2: Building Physics – Passive

6.1. Module 2 content overview

This module covers the environmental control of the building without energy

consumption, interactions between the building and the environment and basic

knowledge related to climate analysis as well as indoor human comfort, building

envelope, passive heating, natural ventilation and daylighting. This module includes

methodologies to improve building envelope energy performances, followed by the

third Module on active systems, which sets out methodologies to improve

system/plants and energy provision.

Module 2 content:

L1. Climate analysis

L2. Environmental requirements

L3. Materials and fabric performance

L4. Passive control

This module consists of 4 lesson recordings, each approximately 45 minutes long.

The module content is summarised below.
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L1 - Climate analysis

This lesson includes climate change principles and climate classification

(Koppen), as well as microclimatic principles and climatic influences such as

solar radiation, temperatures, heating degree days (HDD), soil, night sky,

humidity and wind.

This lesson sets out to increase understanding of how climate and energy

use in building affect each other: i.e. the interaction between building and

climate, energy related emissions, climate change, adaptation and resilience.

Moreover, this lesson will explain the main climate factors and basics of

climate analysis: climate zones, heating and cooling season, etc.

In summary

Climate change

The lesson gives an overview of the climate in Europe, climate change and both the

impact of buildings on the climate and in turn climate change impacts on buildings -

as summarised in the table below. For more information about climate change in

Europe see CLIMATE-ADAPT.

Main impacts of building on climate: Main impacts of climate change on

buildings:

- Greenhouse gas emissions:

construction, materials, energy

- Increasing cooling loads

- Increasing air-conditioned
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consumption

- Ozone depleting gas emissions:

refrigerants, CFC (now banned),

HCFC

- Microclimate modifications:

Urban Heat Island

buildings

- Extreme temperatures and

overheating

- Changes in precipitation and

water management

- Changing conditions over the

building lifecycle

Solar radiation

Solar radiation is probably the most important of all the climate factors because it

affects:

· Heat losses.

· Cooling loads.

· Daylighting.

· Passive heating.

· Radiant temperatures and thermal comfort.

· Potential for renewable energy.

The amount of energy received by the earth’s surface is affected by the atmosphere

and this divides solar radiation into direct and diffuse solar radiation. This will

depend on the climate, latitude and atmosphere. As an example, the different solar

radiation in London, Rome and Malta are shown.
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Country Direct solar radiation Diffuse solar radiation

London 42% 58%

Rome 58% 42%

Malta 64% 36%

The sun path is different in different latitudes around the world and in different

seasons; the amount of energy distribution on roofs and facades can help in the

design process and for renewable energy decisions. To have more information and

calculate solar radiation and PV productivity in any European location and for any

orientation, refer to the Joint Research Centre.

Temperature

Solar radiation is one of the factors that can affect temperature and this, as a

consequence, can have an effect on:

· Heat losses.

· Cooling loads.

· Usability of natural ventilations.

· Environmental comfort.

· Performance of renewable energy production (solar collectors,

photovoltaics).

· Performance of active systems (heat pumps).

Also, temperature is affected by latitude, altitude and geography of a building.
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Heating and Cooling Seasons are the periods during which heating or cooling in

buildings is necessary to maintain comfortable conditions and the heating need is

often calculated using Heating Degree Days (HDD), as explained below.

Heating degree days (HDD)

Heating Degree Days are used to quantify the need for heating in a given location,

for a conventional heating set point temperature.

HDD are calculated as the difference between internal and external temperatures,

multiplied by the number of heating days. In some European countries, HDD

determine building energy requirements (for example, in Italy but not in the UK). In

the UK, usually it is assumed that external temperatures below 15ºC mean that

there will be a heating need in most buildings. For more information refer to

http://www.degreedays.net/

Soil

Soil temperatures are affected by:

· External air temperatures.

· Solar radiation.

· Humidity/moisture content.

· Compactness.

· Cover (built/vegetated/paved) and other soil characteristics.

Humidity

Humidity mainly has implications in:

· Air quality and Environmental comfort.

· Cooling loads.
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· Usability of evaporative passive cooling techniques.

· Usability of radiative passive cooling techniques.

Wind

Wind affects:

· Heat losses.

· Cooling loads.

· Potential for natural ventilation in buildings.

· Potential for renewable energy production (micro wind turbines).

· (Outdoor) environmental control.

To have information of retrieved wind statistics, report and forecasts worldwide,

refer to Wind finder. Also, to get information about how to extrapolate wind speed at

any height location, refer to University of California Santa Cruz.

L2 - Environmental requirements

This lesson aims to increase understanding of thermal comfort, the prediction

methods and their limitations: subjective and environmental factors and heat

balance and the adaptive thermal comfort model. In addition, the main air

quality requirements for indoor environments are discussed (IAQ), including

possible internal sources of contamination and air change rate and

ventilation efficiency.
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Finally, visual comfort is covered and sets out the main lighting requirements

and measurements: illuminance, daylight factor, colour temperature and

colour rendering index.

In summary

Thermal comfort

Thermal Comfort is a condition of satisfaction with the thermal environment. It can

be achieved in a range of different conditions, according to both environmental and

subjective parameters – see tables below.

Subjective factors

Clothing Affects: Body-environment exchanges

Is measured in Clo

Metabolic activity Includes: Basic metabolism and physical activity

Is measured in Met

Environmental factors

Mean radiant

temperature

Affects: Latent energy exchanges.

Is measured by a black globe thermometer in ºC (and

combined with airspeed around the globe; emissivity of the

globe and air temperature in ºC)
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Air temperature Affects: Convective exchanges

Is measured by Dry-bulb thermometers in °C

Air speed Affects: Convective exchanges

Is measured by Anemometers in m/s

Relative humidity  Affects: Latent energy exchanges

Is measured by Wet-bulb thermometer or electronic

hygrometers in %

Fanger’s PMV (Predicted Mean Vote) is the most common way to combine all the

values and factors to predict human response to environmental conditions in a scale

from -3 to +3 where 0 is the neutral or “satisfaction” point. Usually a wider range is

considered where 80% of people are satisfied with their thermal comfort and where

they vote between -1and +1.

Adaptive comfort is useful for natural ventilated buildings and depends on

physiological, psychological and behavioural adaption, where occupants achieve

thermal comfort satisfaction by adaptive behaviour such as:

· Adapting clothing level (put on/take off).

· Control of the environment (heating on/off; opening/closing windows, etc.).

Adaptive responses (and thermal comfort responses) also depend on thermal

history, expectations and the external climate conditions.
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To calculate the comfort index according to EN-15251 and ASHRAE 55, using PMV

and Adaptive approach, refer to the University of California Berkeley.

Indoor air quality (IAQ)

The following figure summarises the effects of pollutants on IAQ and applicable EU

standards.

Diagram from slides by Dr Cimillo
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Visual comfort

Good daylighting is important for occupant health and well-being and also ensures

that the need for artificial lighting is minimised during daylight hours. Daylight can be

measured in different ways:

Illuminance

(absolute)

Luminous flux per unit area

Measured in LUX (Lx) 1 lx = 1 lm/m2

Daylight (relative

only for daylight)

Ratio of interior illuminance level to exterior illuminance level,

depends for example on window openings, obstructions and

internal finishes.

Measured in Percentage (%)

L3 - Materials and fabric performance

This lesson gives an overview of the heat transfer (energy dynamics)

between the building and the surrounding environment: how energy

(including light) is transferred and stored through the building, and how water

vapour diffuses and condensates through the building fabric on, for example,

thermal bridges. Moreover, the main energy requirements for the building

fabric in different climates and seasons are discussed alongside the energy

performance of different components of the fabric building (such as U-value,

thermal lag and thermal damping).
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In summary

Heat transfer

Heat transmission happens in different ways and is determined by the next formula:

Qt = U * S * ΔT    (W)

Qt   Heat loss (Watt)

U    U-Value (W/m2K)

S    Surface area (m2)*

ΔT  Difference in temperature

(K) between inside and

outside

* sometimes S is also

referred to as A (Area)

Diagram from slides by Dr

Cimillo
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The study of heat transmission is divided in two areas: opaque and transparent

envelopes, where the first ones are hard surfaces like walls, roofs and floors, and

the latter are windows.

The next formula defines the opaque envelope:

Diagram from slides by Dr Cimillo

In addition to transmitting heat, materials also store heat (raising their temperature):

THERMAL CAPACITY   =   SPECIFIC

HEAT * DENSITY * VOLUME

Specific heat [J/KgK] It is the thermal

capacity of a unit mass (1Kg)

density[Kg/m3] It is the mass (weight)

of a unit volume (1 m3)
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Note that materials with a higher thermal capacity store more heat with lower

temperature increases inside spaces as they do so. This can be useful in preventing

building overheating, though must always be combined with night-time cooling to

enable the materials to release the stored up heat at night.

Transparent envelope

For transparent surfaces like windows, all the elements have to be taken into

consideration:

Diagram from slides by Dr Cimillo
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Main characteristics of glass:

SHGC Solar Heat Gain Coefficient

[adim.]

(Transmitted solar radiation /

incident solar radiation)

Diagram from slides by Dr Cimillo

tv Visible transmittance

[adim.]

(Transmitted visible radiation /

incident visible radiation)

Ug Overall heat transfer coefficient

[W/m2K]

(U-value, not directly related to

solar radiation)

Thermal bridging

Thermal bridges should always be avoided and designed out in building retrofit

because they are discontinuities in insulation, so there is a localised reduction in

thermal resistance, leading to increased heat loss and risk of condensation in these

areas – see illustration.Diagram from slides by Dr Cimillo
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L4 - Passive control

This final lesson of Module 2 sets out the relationship between climate and building

energy strategies as well as the physical principles underpinning passive control

strategies and systems. Moreover, it focuses on passive design strategies, such as:

® Passive solar heating

® Cooling

® Ventilation

® Solar control and daylight

In summary

Psychometric chart

To understand the potential for passive strategies, understanding a psychometric

chart is useful because human comfort depends on the different parameters
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displayed in this kind of chart, including dry bulb temperature, wet bulb temperature

and humidity.

By locating multiple data points that represent the air conditions at a specific time on

the chart, the comfort zone can be identified and, as a consequence,

implementations on energy strategies can be undertaken. How to use the chart is

explained in more detail in the lesson (and also in Module 4).

       DBT(°C) 5 10 15 20 25 30 35 40 45

 Comfort

Psychrometric Chart
Location: Rome, Italy
Data Points: 1st January to 31st December
Weekday Times: 00:00-24:00 Hrs
Weekend Times: 00:00-24:00 Hrs
Barometric Pressure: 101.36 kPa
© W ea the r  T oo l

COMFORT: Thermal Mass Effects

Passive strategies
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The following table summarises possible passive strategies to consider.

Solar heating · Collection

· Storage

· Distribution

· Heat loss reduction

Cooling This depends on the:

· Prevention:

o Microclimate

o Solar control

o Thermal inertia

· Dissipation:

o Ventilation

o Radiative cooling

o Evaporating cooling

o Earth cooling

Solar control and daylight

Shading systems are a way to control the amount of both solar gain and daylight

required for the building’s use. The daylight factor is the ratio (%) of light level inside



© USE
2017

pg. 90

90
a building to the light level outside. This should be a minimum 2%, though ideally is

≥ 5%. Care must be taken with solar gains in summer to prevent building

overheating. There are three major components:

· Sky component.

· Externally reflected component.

· Internally reflected component.

And it is calculated by the following formula:

DF

DF                       Average Daylight (simplified estimate)

Ag                        Glazed area

                        Angle of visible sky

T                         Glass light transmittance

A                         Total area of internal surfaces (including

windows)

R                         Area weighted reflectance of internal surfaces

Diagram from slides by Dr Cimillo
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Diagram from slides by Dr Cimillo

6.2. Bibliography & links

The bibliography and further reading resources for Module 2 is combined with

Module 3 in Section 13.
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7. Basic - Module 3: Building Physics - Active

7.1. Module 3 content overview

This module deals with energy consumption and production associated with

buildings: i.e. mechanical heating, cooling and ventilation but also electric lighting

and integrated energy production from renewable sources. There is also a

discussion of how building services and energy consumptions impact the

environment and how this impact can be assessed.

Moreover, this module includes methodologies to improve energy performance from

active systems with methodologies to improve system/plants and energy provision.

This module consists of the following lessons:

L1. Generalities and assessment

L2. Demand side: HVAC and Lighting

L3. Supply-side: Integrated renewable energy

The module is delivered via 3 video lesson recordings, each about 45 minutes in

duration, which are summarised below.

L1- Generalities and assessment

To ensure the comfort of the occupants of the building, passive and active

strategies of heating and cooling are adopted. Passive strategies include thermal

envelope design utilising natural ventilation, daylighting, passive heating, etc., as

discussed in Module 2. Passive systems ought to significantly reduce energy
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demands. However, active strategies are usually still used as we cannot solely rely

on passive strategies to achieve occupant thermal comfort and provide the (now

much reduced) energy needed to operate the building. HVAC (Heating, Ventilation,

Air-conditioning) is usually the main energy demand in a building and generally

energy from fossil fuels and renewable energy are still used, which leads to local

and global air pollution and use of finite resources.

More recently, new buildings are starting to be designed to comply with standards

like NZEB (nearly Zero Energy Buildings), which is a European standard. The final

performance of the building can be assessed through different methods; most

popular being through an Energy Performance Certificate (EPC). Nearly zero

energy buildings are those with a very high fabric efficiency performance, as a result

requiring little energy which can be provided by renewable energy sources.

PassivHaus and EnerPHit operate along the same principles of high fabric

standards (see Modules 1 and 4); and ‘PassivHaus Plus’ includes renewables.

The renewable energy sources for energy production include wind, solar,

aerothermal, geothermal, hydrothermal and ocean energy, hydropower, biomass,

landfill gas, sewage treatment plant gas and biogases, though many of these are

not feasible at building scale. Renewable energy technologies have to be used as

they are clean and usually have a reduced impact on the environment and do not

significantly contribute to climate change. After the initial installation they can

provide cheap energy for a very long time.

Primary energy

Primary energy refers to energy from renewable and non-renewable energy which

has not undergone any conversion or transformation process. The energy use in a

building is mainly differentiated into thermal and electric energy. Two thirds of the
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energy demand of a building goes to thermal energy such as space heating and hot

water production. The rest of the energy demand accounts for electric energy which

is more expensive but also more flexible in use. It is important to know the energy

needs of the building to select the most appropriate forms of energy and technology

to be used.

Assessments and reporting

The final energy performance of the building is assessed by Energy Performance

Certificate (EPC). The purpose of this is to ensure compliance with minimum energy

requirements of building standards and laws and to provide stakeholders, building

owners and developers with easily understood (and comparable) information on the

energy performance of the building. The method for energy consumption

assessment in EPCs varies between EU countries, but all of them account for

outdoor climate and orientation, indoor climatic conditions, building envelope

characteristics, HVAC, interior lighting, internal loads, passive measures and

integrated renewable energy.

There have been considerable energy savings and greenhouse gas (GHG)

emissions reduction due to the effect of minimum requirements and reporting under

EPCs. In addition to EPCs, there are other certifications such as EnerPHit and

EuroPHit. EnerPHit deals particularly with the certification of energy retrofit projects

with PassiveHaus standards. USGBC, BREEAM, and ITACA are other certifications

used in Europe. EuroPHit is a step-by-step EnerPHit refurbishment and discussed

in more detail in Module 4.
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L2 - Demand side: HVAC and Lighting

This lesson covers HVAC active systems, divided in heating/cooling, ventilation and

electric lighting and control systems. Heating systems, boilers and different heat

pumps are discussed in more detail below.

The energy efficiency of a building is the ratio of energy output to energy

consumption. The overall efficiency of the HVAC system depends on its sub-

systems, such as generation, storage, regulation, distribution and emission systems.

Additionally, different components of air handling units (AHU) for ventilation in

buildings include air inlet, filter, pre-heating coil, cooling coil, humidifier, heating coil,

inlet fan and exhaust air outlet. An extraction fan is also used to remove the exhaust

air from the building and recycle and recirculate it in the building. A heat recovery

system can be even more useful as it heats the incoming air using the exhaust air

without mixing; MVHR systems are usually used in PassivHaus projects. Proper

ventilation is essential to maintain air quality in a building, especially in a retrofitted

building with good airtightness: ‘Build tight and ventilate right’ should be the motto

for all energy efficient buildings and retrofits. Retrofitted buildings should avoid

infiltration (unwanted draughts through gaps and cracks) and have good

airtightness. To have good air quality, airtight buildings should have efficient and

effective year-round background ventilation systems.

A brief summary follows of the lesson content and the technologies discussed.
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Problem Setting

Temperature efficiency is calculated using

temperature of air at different points of the

system. For example:

Temperature efficiency = (T2 - T1) / (T3 - T1)

Humidity efficiency = (X2 – X1) / (X3 – X1) Diagram from slides by Dr

Cimillo

Supply systems

Mixed systems

Air or water is used for transmission of heat in heating/cooling

systems to different zones. Water is generally used as it has

higher density and higher specific heat and thermal capacity.

Distribution by pipes easily fits. Final heat exchange can take

place through air which is circulated through an exchanger

consisting of coils. This makes the system flexible because

we can regulate the temperature room by room by changing

the fan speed.

Diagram from slides

by Dr Cimillo
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Convective systems

The convective system works similar to a mixed system, but

heat exchange takes place relying only on natural

convection. The regulation is less flexible than other systems

and they work typically at a higher temperature because air is

not circulated and convection takes place through hot

surfaces. This is popular for houses because of its simplicity

and as it does not have advanced requirements and

regulations.

Diagram from slides

by Dr Cimillo

Radiant systems

Radiant systems consist of radiant flooring, radiant ceilings

and radiant walls. The aim of the radiant system is not to

control air temperature but radiant temperature. Radiant

temperature is the temperature of surfaces surrounding us.

Advantages of this system include: they do not have a

separate device, can be included as part of the architectural

design and they can work at a lower temperature. For

comfort reasons, often air temperature can be kept lower.

Hence the lower temperature of the system allows for greater

energy efficiency.

This system can be used for both heating and cooling, and

efficiency will change accordingly. If the system is to be used

in heating mode, then efficiency will be improved if a radiant

Diagram from slides

by Dr Cimillo
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floor system is used rather than a radiant ceiling.

This is because part of the exchange will inevitably happen

by convection, and it is more efficient if radiant floor heating

is used and positioned at the bottom of the room so the warm

air tends to go upwards. The opposite case applies for the

cooling system and, thus, a radiant ceiling will be more

efficient. The problem with the cooling system is that when

the temperature of the radiant face falls below the saturation

temperature in the room, condensation may happen. So we

have to either make sure that the temperature is higher than

the saturation temperature or we have to use a dehumidifier.

Thus, if we are using the system for both heating and cooling,

it is better to give priority to cooling because it would be

slightly more efficient than it would be to keep the

temperature higher than the saturation temperature, at least

most of the time.

Generation systems

Boiler/furnace

The most traditional and simplest generation system is a boiler/furnace. The energy

is generated through combustion by burning a fluid in a burner. The two

characteristics to be looked at are maximum heat output and efficiency. Maximum

heat output is the maximum thermal energy transferred to the fluid; the energy that

can be effectively used in the building. Efficiency is the ratio of thermal output to the
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thermal input in percentage. During this process, there are also fumes/smoke

produced and part of the energy is wasted to the external environment in this way

as well as contributing to local and global pollution, depending on the fuel and

boiler/furnace used.

Condensing boiler

In a condensing boiler, the return fluid exchanges with outgoing fumes and during

this process part of the latent energy, which was released during the combustion, is

given back to the fluid as these gases condensate against the coil. Since there is

condensation involved, the lower the temperature of the fluid, the better and more

efficiently this process will work.

Heat pumps

In heat pumps, the energy is not properly generated but transferred from a source

(air, water or ground) to a heat sink by means of mechanical work by a compressor

or by means of an absorption cycle. The main characteristics include maximum heat

output which is the maximum thermal energy transfer rate to the fluid and coefficient

of performance (COP) which is the ratio of thermal output to work input.

The COP can be 2, 3, 4 or 5 meaning that we can transfer 2, 3, 4 or 5 kWh of

energy for each kW of electricity consumed by the system to operate and provide

that heat. This is because energy is not produced in a way whereby it is possible to

simply transfer from a source to the building or vice versa. COPs tend to be lower

for hot water provision due to the higher temperature requirements and for air-

source heat pumps as well. Ideally these systems should be combined with low

surface temperature radiators or underfloor heating to maximise system efficiencies.
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In this way, we can also force energy to be transferred from a cooler source to a

warmer building, to cool the building.

Air-source heat pump – Aerothermal energy

The simplest way is to use external air because it is easily available everywhere.

But the problem is that the air temperature is not at a consistent or convenient

source because it is cold during the winter and hot during the summer (i.e. on cold

days when the building needs more heat, the air is colder and less heat is available).

 Diagram from slides by Dr Cimillo

From the graph it is seen how the efficiency changes according to the load

temperature (or heating demand temperature). For example, it can be appreciated

why low temperature systems work better and why high temperature sources (e.g.

the ground) are more efficient during the winter (i.e. higher COP).
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Diagram from slides by Dr Cimillo

Ground source heat pump – Geothermal energy

As the depth from the ground surface increases, the temperature gets closer to the

average outdoor air temperature. Thus, it is warmer than the external air during

winter and cooler during the summer. Therefore, it is more consistent and

convenient to use the ground instead of the air as a heat source in both heating and

cooling situations. In order to exchange heat with the ground, we have to use a loop

through which we circulate the water and this loop can go as deep as 100 – 150 m

deep. In fact, the major cost for the insulation and systems is the drilling. That is

why they require higher initial investment compared to other systems. There are

also cheaper systems that exchange with superficial ground but they are less

efficient: i.e. loops can also be placed horizontally and are only a few meters deep,

but might not benefit from stable ground temperatures though these are usually

stable at about 3 meters depth.
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Diagram from slides by Dr Cimillo

Water source heat pump – Hydrothermal energy

The water from canals, ponds, etc. can also be used as a source; this can be open

or closed loop. The water from an underground aquifer can be used as the

temperature is the same as the ground.

 Diagram from slides by Dr Cimill
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Control systems

Usually the energy is wasted and the systems are not controlled properly. For

example, if there is a multi-zonal building (requiring different temperatures at the

same time), but without zonal control yet with central control. Hence the

temperature cannot be appropriately controlled as the central control is located in a

room which is not affected at any moment by solar radiation of the room it is

controlling. Zones which are affected instead will be overheat, and so we will be

wasting heat at the same time as not providing thermal comfort (too warm).

Equally, the affected zone can be under heated, and therefore will not meet our

environmental requirements and lead to lack of thermal comfort. The ideal situation

is where we can separately control different zones and therefore regulate the power

of the system according to the specific requirements, and also we can switch on

and off the system in a single zone according to the occupancy in a given time. This

is especially relevant for big commercial buildings.

Electric lighting

The main technologies in electric lighting include incandescent lamps, gas-

discharge lamps and light emitting diodes (LEDs). The main characteristics involved

in evaluating the performance of lighting technologies include power (watt),

luminous flux (lumen) and luminous efficacy (lumen/watt). The light quality of the

lamps is characterized by colour temperature, colour rendering index and emission.

Incandescent lamps are the most traditional and inefficient lighting options. The

light is emitted due to high temperature in a tungsten filament, which is heated by

an electric current. This is inefficient because most of the energy is wasted as heat.
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In gas discharge lamps, light is emitted due to the luminance of the internal

coating of the lamp. UV radiation is originated by electric discharge in the gas

contained in the tube which contains +ve ions and electrons. These lamps are more

efficient with low temperature and they last longer. There are different options of

these lamps including fluorescent, compact fluorescent, metal halide and sodium

vapour lamps.

Light emitting diodes (LEDs) are a fairly new technology in which light is emitted

by electro luminescence due to the combination of electrons and holes in two layers

of a semiconductor. They are very efficient with low temperature and have a very

long life but use low power.

L3 - Supply side: Renewable Energy

If we reduce the building energy needs, then we should be able to use on-site

renewable energy to meet building energy demands. The building might even

become a net zero energy building. If we almost get there, the building comes in the

category of nearly zero energy building (nZEB).

Renewable energy sources that produce electricity include PV, wind and

hydroelectric. Biomass and geothermal produce both electricity and thermal energy.

Solar thermal and geothermal produce thermal energy.

This lesson provides an overview of renewable energy technologies including:

® Photovoltaics

® Renewable electricity

® Solar thermal
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® Wind energy

® Biomass/ cogeneration

® External sources

Solar Photovoltaic

Photovoltaics are the technology used to convert solar radiation into electricity.

Mono or poly crystalline silicon is one type of PV panel which is more efficient and

expensive. Amorphous or micro crystalline silicon PV panels are cheaper but less

efficient. They can be easily integrated in the architecture of the building, i.e.

building integrated PV (i.e. BIPV). BIPV involves replacement of traditional building

materials with photovoltaic components. Today, there are a wide range of products

on the market. We can use them for roof covering and to replace solar shading and

also transparent building components such as glazed surfaces.

The main characteristics associated with PV modules are

efficiency (%), nominal power (kWp), voltage at maximum

power (V) and current at maximum power (A). Inverters are

assessed based on their efficiency (%), nominal power

(kWp), nominal voltage (V) and nominal current (A). Nominal

power (Wp) of PV is determined in standard conditions of

1000 W/m2, 25 ºC temperature and 1.5AM atmospheric

mass.

Equivalent hours is given by:

Equivalent hours (h) = Actual radiation (Wh/m2) / 1000

(W/m2)

Diagram from slides by Dr

Cimillo
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Energy production is estimated by:

NP * Equivalent hours * System efficiency

Required power is given by:

Energy need / (Equivalent hours * System efficiency)

Diagram from slides by Dr

Cimillo

The system efficiency is the general efficiency of the generator. We can make a

rough estimate based on the conditions in which modules are installed, whether

they are slightly ventilated, well ventilated or not at all ventilated; ventilation under

the PV modules increases PV efficiency. The efficiency usually varies between 70%

and 80%. The reason why ventilation affects the performance is because it

contributes to keeping the temperature of the module down, and therefore allowing

them to work in the best possible conditions.

The actual PV electricity production should be estimated based on the exact

position of the solar modules, based on the actual angle of energy production. The

optimal angle (which represents 100% of the potential production) is found by the

formula: optimal angle = latitude – 10 deg. This is the angle to the inclination

towards south. Compared to this, if we mount our modules on a horizontal surface

we get 80% of the production and 70% if we used the southern façade (vertical

installation) and around 50% on the eastern or western façade. This estimation and
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obstruction from other buildings should be considered and solar analysis performed.

Structural loads need to be considered for retrofitting.

Storage of renewable electricity

Renewable electricity can be used, stored or exchanged in different ways. Typically,

buildings are grid connected, i.e. we can exchange energy with the grid so that we

can give away energy to the grid if we are producing more than we need. We can

take energy from the grid during night when we are not producing energy via PVs

during the day. Another possible solution is to store our energy using batteries.

Batteries allow us to be completely off grid.

The third option is to have the storage, battery and connection with the grid. In this

way, buildings can work together and absorb or release energy from and into the

grid. We might also be able to buy and sell electricity when prices are convenient for

us; though this differs throughout the EU countries. This can help with both the

overall energy efficiency and with the financial convenience for single building

owners.

Diagram from slides by Dr Cimillo
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Solar thermal

Solar thermal technologies are used to produce thermal energy for hot water or

space heating. The most typical solar collector is the flat plate collector where the

surface of the collector absorbs solar radiation. There is a coil below through which

a fluid is circulated which absorbs heat and brings it to the different spaces in the

building where needed, usually stored in a thermal water tank first. The collector is

insulated on the bottom and covered with glass on the top.

Another system is evacuated tube collectors which is more effective in reducing

thermal losses and also in circumstances when we need water at a high

temperature or when we are operating in a cold climate. The working principle is

similar and there are absorbers and pipes in each of the tubes in the evacuated

tube collectors in a vacuum condition. Therefore, there are no convective

exchanges and that’s why thermal losses are reduced so much.

The surface area of the

collector is calculated using:

Surface area = (Energy

need) / (Incident radiation *

Efficiency)

As the efficiency of the

thermal system is typically

much higher than the

efficiency of the PV system, it

is convenient to use this

A flat plate collector on the left and evacuated tubes

on the right; Diagram from slides by Dr Cimillo
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system instead of in

combination with PV.

The energy demand is

estimated using:

Energy need = Water need *

Specific heat * Temperature

difference

One issue with this system compared to PVs is that as thermal energy is produced,

it is not as easy to export it as it is for electricity. So we have to use this thermal

energy (i.e. heating energy) inside the building and this cannot be exchanged with

the grid. The problem is that our energy need and the time of solar radiation

typically do not match very well.

Thermal systems also require other components other than the collectors like

thermal storages. In this case, the energy is stored in the tank and the auxiliary

heating is external and works when needed. Structural loads need to be considered

for retrofitting.

Wind energy

There are two types of wind turbines: a vertical axis or horizontal axis wind turbine.

Both have a similar working speed. The vertical axis turbine can work at a slower

wind speed but with lower efficiency. The horizontal axis turbine requires higher

wind speeds but is more efficient. We should, however, consider that the integration

of such systems on buildings is much less straight forward compared to solar

systems and often there is insufficient and/or consistent wind speeds in urban areas
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for either turbines to be suitable. However, if we want to estimate the energy

production of the device or to assess the suitability for allocation, we should look at

the power curve of the device and ensure local wind-speed data is used (from the

site), or, if this is not possible, that reduction factors are applied for urban sites.

The question of how appropriate these micro-wind turbines are on or near buildings

must also be considered, and retrofitting these has implications for aesthetics but

also structural loads, etc.

Vertical axis and horizontal axis turbines; Diagram from slides by Dr Cimillo

Biomass

Biomass energy production is based on the combustion of organic non-fossil fuels

including wood, pellets, biofuels, municipal waste, landfill gas and agricultural by-

products. These can be used for combustion as any other fuel, such as natural gas.

Probably the most efficient use is for co-generation such as CHPs (Combined Heat

and Power), which allows optimisation of the overall efficiency of the system by

combining together both heat and power production.

When we produce electricity by burning fuels, heat is a by-product which is wasted

to the environment. However, if we manage to recover it, for example for space
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heating, then the efficiency is optimized, as happens in CHP plants. On the other

hand, we need the right conditions so that we have the right proportion between the

thermal and electric needs. So the production must be mostly regulated based on

our thermal needs.

Biomass is not a new technology. It is actually the most traditional one we have and

is very much used everywhere in the world; especially in the developing countries. It

is probably the most controversial form of renewable energy because it has a few

drawbacks. For example, we can say that it is CO2 neutral and the amount of CO2

released during combustion is absorbed during the growth of the plants. However,

we have no control over the growth of the plants and how this is managed away

from the building. In addition, there are other pollutants which are produced and

released during combustion which can still be dangerous for human health and the

environment.

7.2. Bibliography & links

See Section 13.
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8.1. Module 4 content overview

This module focuses on exemplary case studies at different scales, including ‘deep’

energy retrofits, retrofit in heritage buildings, “Step-by-step” retrofits, payback of

retrofit but also BIM for retrofit. Extra focus is also provided on minimising risks and

unintended consequences, and finishes with a discussion on architects’

contributions to retrofit in Europe. The module covers the design of constructive

solutions to improve energy performances on existing buildings and illustrates this

with exemplary case studies and retrofit methodologies to improve building

envelope energy performances.

There are 6 lessons, divided into 11 recordings for a total of approximately 300

minutes – as listed below. The final lesson is a sound recording and a video

recording with architects.

L1 Deep energy retrofit: exemplary approaches

L1 Retrofits: different approaches (heritage)

L1 Case study: Knowle Lane

L1 Case study: Gaymer cottage

L1 Case study: Wilmcote House

L2 Step-by-step retrofit and payback

L3 Payback calculations
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L4 Avoiding unintended consequences

L5 Role of BIM in sustainable renovations

L6 Architect story: Interview with Brian Murphy (UK)

L6 Architect story: Interview with Carlo Battisti (Italy)

This module content is briefly described below.

L1. Deep energy retrofits: exemplary approaches

This lesson firstly summarises the health issues and risks due to living in

badly insulated houses and gives an overview of the heat losses in houses

(form factor, glazing, air infiltration and lack of insulation) and what our

priorities should be for retrofit (good ventilation along with airtightness,

insulation and reduction of thermal bridges in the building).

The lesson then gives examples of exemplary refurbishment projects using

insulation products (including the Dutch EnergieSprong street scale approache and

gives detail of retrofit projects and details of different building components

(foundation, windows, MVHR ducting and achieving good airtightness). Finally,

some case study examples of various projects with different levels of retrofit are

presented.

L1. Retrofits: different approaches (heritage)

This lesson gives an overview of the following:
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® Priorities of architects in conservation and regeneration of old existing

houses

® Issues with retrofit with regards to heritage value

® Need to consider heritage during retrofit

® Different approaches in retrofit considering architectural and heritage issues.

L1- Case study: Knowle Lane, Gaymer Cottage and Wilmcote House

The first lesson finishes with three recordings of three UK retrofit case studies of

different scale and type. For each case study, the project location and context are

discussed, and for the Knowle Lane case study the following is reviewed:

® Sustainability approach considered by the architects in the renovation

® U-values of the building fabric components in the existing and retrofitted

building

® Building fabric approach in deep retrofit

® Modelled energy performance in the pre- and post-refurbished houses

For the Gaymer Cottage case study (ECD Architects), the following is presented:

® Existing property conditions; Project aims and design brief

® Different approaches to the four cottages

® Retrofitting the thermal envelope – walls, floors, ceilings, windows and doors

® Improving airtightness

® Heating and hot water

® Ventilation

® Additional measures

® Handover and post-completion issues
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And finally, for the Wilmcote House (ECD Architects) case study, a discussion

takes place around the:

® Introduction to the project, existing building envelope

® Cost benefit study, capital cost break-down, total construction costs with

annual cost analysis and Life cycle cost and whole life cost analysis

® Annual space heating demand predictions

® Retrofit strategy:

o Over cladding strategy

o Foundations

o Internal and external wall insulation

o Roof insulation

o Thermal breakpads

o Airtightness and quality control

o Ventilation strategy

® Difference between EnerPHit and the UK building regulations

® Technical analysis

® Detail on thermal bridging, MVHR duct layouts, winter and summer comfort

strategies

® Risk register and design stage assessment

® Site inspections and quality control

L2 - Step-by-step retrofit

This lesson discusses that, due to the disruption and cost of retrofit, buildings will

not be retrofitted all over again in the next 40-60 years, and so we must undertake

‘deep’ retrofits now to “lock in” energy savings. We need to retrofit once and do it
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well; but ‘deep’ retrofit now does not mean the whole house needs to be retrofitted

at once. In fact, most retrofits are performed in a ‘step-by-step’ manner, but a

‘shallow’ retrofit started now cannot achieve a high level of energy efficiency in 20-

30 years (see diagram below from www.europhit.eu).

Diagram from EUROPHIT.EU

There are also good ‘trigger’ points to undertake retrofit, such as a loft conversion or

a new kitchen or bathroom installation, at which time it is a good opportunity to also

improve (parts) of the building fabric and undertake energy efficiency measures –

see the following diagram. While a step-by-step retrofit approach spreads the cost

and disruption of retrofit and replaces the components that need replacing most
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urgently, the disadvantage of this approach is that energy savings are delayed, and

detailing later interventions may be more difficult. Hence a ‘whole house
approach’ to retrofit must always be undertaken.

Trigger points for energy efficiency by Thorpe in Sustainable Refurbishment (2010).

L3 - Payback calculations

This lesson covers the importance of costing retrofit and also estimating a

realistic ‘payback’, i.e. how long it will take to pay back the initial, upfront

capital cost from the energy savings achieved per year. A simple example of

payback calculation is included. However, the only benefit of building retrofit

is not just year-on-year energy savings, but also many other co-benefits,
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such as improved health and well-being, as discussed elsewhere. This

lesson on the financial aspects of refurbishment includes:

® Different appraisal techniques

® Payback period of projects and its disadvantages

® Factors affecting the client’s decision for refurbishment

® Intervention points for a refurbishment project (see also above trigger points)

® Investment in deep retrofit projects

® Benefits of investment in retrofit for landlords

L4 - Avoiding unintended consequences

This lesson brings together previously discussed possible unintended

consequences of building retrofit and looks in detail at moisture build-up issues, and

how to avoid these. This lesson specifically looks at:

® Unintended consequences in the building fabric and ingress of moisture in

the building

® The movement of moisture in uninsulated and insulated walls

® Different types of insulation materials

® Interstitial condensation in an insulated wall and ways to avoid its risk

® Construction details of case studies of building projects

® Insulation to reduce thermal bridges to avoid interstitial condensation

® Ways to identify thermal bridge

® Vapour closed condensation to avoid interstitial condensation

® Advanced tools to help evaluate appropriate strategies
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Five key strategies to remember for building retrofit are:

• Fix any leaks/damp issues first prior to undertaking retrofit.

• Year-round good background ventilation is essential to manage moisture at

source (high relative humidity internally means insufficient ventilation; too dry

often means too much).

• Choose materials carefully, ensure installation quality is excellent

(hygroscopic materials can buffer some moisture peaks), and, when

combined with ventilation, this might reduce interstitial condensation risk.

• Insulate externally and if insulating an internal wall, consider reducing the

amount of insulation (or increased U-values) to raise the temperature of the

wall behind the insulation and reduce condensation risk (60mm or 0.60

W/m2K rule). However, this needs to be balanced with other risks.

• Monitor the construction and voids for moisture conditions.

L5 - Role of BIM in sustainable renovations

This lesson looks at the role of Building Information Modelling/Management (BIM);

first in general and then in terms of its use for building retrofit. Drivers for BIM

implementation include reduced costs, faster processes, faster and better controlled

dissemination (design but also in construction), reduced errors during construction,

and potentially reduced carbon emissions. Moreover, BIM involves the creation of

digital data that can be used in the future for Effective Asset Management during

the whole lifecycle of a building and as an effective tool for creation of ‘mega-data’

databases of building stock for local authorities and governments.
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Barriers for the use of BIM include large organisational changes (and hence they

are costly to implement), lack of knowledge and a requirement for using a common

platform which affects the selection of collaboration partners across disciplines in a

design team.

At the moment there is still a low client demand (a lack of confidence due to a lack

of understanding). However, the benefits can include:

§ Efficient management.

§ Risk mitigation – Prevention of errors during construction.

§ Cost effectiveness – Accurate cost plans - Reduced life cycle costs.

§ Increased speed of construction and carbon reduction.

§ Ability for improved coordination in complex developments.

§ Creation of databases in a new way (new processes) to file information.

§ Improved communication among designers and managers – closer

collaboration among teams.

§ Effective handover of information – continuity of project design progress.

§ Interoperability among Data Models and Platforms.

§ It creates value by improving visualisation and the coordination of the project

information.

The EU BIM Task Group is in the process of collecting a handbook of BIM use in

the EU. Below are summaries for the UK, Italy and the Czech Republic.
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From slides by Anthi Valavani

From slides by Anthi Valavani
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From slides by Anthi Valavani
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In summary, this lesson covers:

® BIM, process and its history

® The importance of BIM in Europe, especially in the UK, Italy and Czech

Republic

® Drivers, advantages and barriers for implementation of BIM

® Workflow steps involved in BIM process

® Skillsets required in BIM

® Requirements in BIM for creating an Asset Information Model

® Employer’s Information Requirements

® BIM Execution Plan

® Master Information Delivery Plan

® Project Information Model

® Construction sequencing and operations

® Operational expenditure

® Asset Information Model

® Assessment and life cycle

® As-built model

® Hand-over and delivery

L6 - Architects’ stories

This lesson consists of two radio interviews and a video recording with young

architects and what they see their role as within building retrofit.

8.2. Bibliography & links

See Section 13.
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9. Module 5: Preparatory Stages – Preparation phase (Stage Zero,
Stage 1) for sustainable building renovation

9.1. Module 5 content overview

This module focuses on the Stage zero and retrofitting projects, providing guidance

on proposals and showing different approaches that can be used with clients in

projects depending on its scale (large or small). The aim is to provide advice to

young architects of how to approach retrofit opportunities and projects and the new

knowledge gained in actual architectural work. Additionally, it provides information

on how to look for fiscal incentives, funding opportunities and procurement for

retrofitting. There are 5 lessons, divided into 5 recordings for a total of

approximately 70 minutes – as listed below:

L1 Introduction to Stage Zero

L2 How to create a retrofit project: Key aspects, how to form a brief and how to

approach clients

L3 Small vs Large Scale Retrofit Projects

L4 Fiscal incentives and funding opportunities

L5 Procurement for retrofit

This module content is briefly described below.
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L1. Introduction to Stage Zero

During this lesson, a comparison between the Stage Zero core objectives (“getting

started”/creating opportunities) and an interpretation between RIBA work stages

and the NET_Learning project is provided. The emphasis shifts from the strategic

definition of the project to developing the idea of a project, an initial client brief and

advising on the key retrofitting technical aspects and the funding opportunities

towards the best business model for this kind of project.

Core Objectives RIBA Core Objectives Net Learning

• To identify the client’s Business

Case and Strategic brief and

other core project requirements

• To provide initial considerations

for assembling the project team

• To establish a project

programme

• How to create a project from

Zero

• How to look for a client

• How to create a brief

• Where to look for funds

For more information on the definition of RIBA, it is recommended to visit the link below

https://www.ribaplanofwork.com/

L2. How to create a retrofit project: Key aspects, how to form a brief & how to
approach clients

This lesson provides an explanation of Stage zero on how to create a retrofit

project, strategic definition and core project requirements:

• How to identify the residential retrofit opportunities.
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• How to implement retrofitting solutions in a project.

• Defining the Brief.

• How to pitch to a client.

• Ways to collaborate for retrofit projects.

The lesson encourages designers to answer the following questions:

• why retrofit?

• Is it being approached in the right direction?

• And, is it better to demolish or retrofit?

Additionally, it is explained how to identify residential retrofit opportunities that can

be approached by:

• Building Stock status (locally).

• Identifying archetypes because similar types of buildings may have similar

needs.

• Community opportunities – Social Urban Regeneration Areas.

• National Policies and Schemes.

• International Policies & Intergovernmental Trends.

Furthermore, the lesson gives a list of different schemes, agreements, tools and

regulations provided that will help to define the design strategy such as:

• 2050 low-carbon economy (across Europe).

• Project LEMUR.

• IPCC Report.

• Green building rating tools.

• World Green Building council.
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• Casa clima (for Italy).

The lesson also covers how to propose a Retrofit methodology in relation to the life

cycle of a building:

• Embodied Carbon: how low can you go?

• Waste Management approach: Cradle-to-cradle is different from ‘cradle-to-

grave’: when is each one more suitable? Change of use/converting buildings

can be part of the sustainable approach brief.

• Adaptability and resilience: predict and schedule future retrofits now.

• Life Expectancy of a building to estimate the effectiveness of the current

retrofit – how long do you want to retrofit for?

Finally, this lecture aims to separate the client’s brief into a technical,

environmental, financial and social sections where the post occupancy evaluation

(POE) is taken into consideration but, most importantly, to pitch to the clients and

get them involved directly and indirectly in the project inviting them to collaborate on

retrofit projects (for example, the UK Retrofit 2050 project).

L3 Small versus Large Scale Retrofit Projects

The purpose of this lesson is to show the different considerations of scale while

working on a retrofit project and promoting the awareness of the different

implications of retrofit in small and large scale projects; the well targeted proposal is

more likely to win a project.

The information provided in this lesson will help to set out a list of Key Performance

Indicators (KPI) which can then be very helpful during discussions with the

prospective clients on the formation of the brief and different feasibility proposals.
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The better the understanding of how a retrofit strategy can be adopted, depending

on the scale of a project, the higher the chance that a feasibility study can reach

realisation during the subsequent stages. The greater the clarity on the retrofit

implications, the easier it is for property owners to set out realistic budgets and

project programmes that will not be affected by delays due to constant updating of

the brief.

In summary, this lesson covers:

- Renovation, Refurbishment or Retrofit?

- How the brief evolves in large scale projects

- The importance of the Architect’s Influence

- Defining the Retrofit Strategy: The Retrofit Strategy Matrix, STBA Guidance

Wheel

- Accessing Large Scale Projects

- Resources: Fit to size

- A comparison between large and small scale characteristics of the

o Ownership & stakeholders

o Barriers, risks and restrictions

o Capital Cost & Funding

o Technical Considerations & Challenges

o Quality of Retrofit

o Added Value

o Environmental Impact & Policy
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L4. Fiscal Incentives and Funding Opportunities

The objectives of this lesson are to discuss the background of VAT (Value Added

Tax), the carbon equation, incentivising sustainability and design quality. In Europe,

VAT varies between different places; for example in the UK, the rate varies from

20% to 0% depending on the construction, i.e. whether it is a new build or

refurbishment. The difference in the rates of VAT in different types of buildings is

the incentive behind the demolition of old buildings in preference to new buildings in

the UK because of the high rate of VAT for retrofit (20%). If a client, developer or

authority is looking at the master planning of a large area of a city or at an individual

building, such high VAT taxation is a driver in the decision-making process.

Wherever there are constructions, the retrofitting and repairing of buildings and

bringing them up to new standards has a financial incentive against it. It is after the

financial decisions are evaluated, that we need to start to look at it much more

seriously if we are to deliver sustainable objectives in society.

The carbon equation underpins much of these as the embodied energy of existing

buildings far outweighs the energy savings if we demolish and rebuild them to zero

carbon standards. Research indicates that even if all newly built buildings are made

zero carbon by 2020, by 2050 we would be in a situation where we would save six

and a half times more carbon emissions than we would if we were to demolish

them. The embodied energy of buildings is important and the incentive for taxation

in the UK is leading to the demolition of our valuable sequestrated carbon assets.

There should be an incentive for sustainability in design like, for example, those

who exceed the regulatory standards of construction receive, on completion, VAT

dispensation that differentiates between 5% and 0%. If the building quality and

standard in terms of sustainability is remarkably above regulatory standards, they
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are rewarded and VAT percentage is reduced. This is a method which will drive the

design team, client and society to push towards achieving higher standards and

better quality. But this is not yet a reality in most of Europe. It is important that we

should be focusing on this delivery and having a financial driver that enables VAT

return.

L5. Procurement for Retrofitting

During this lesson, the topics that are talked about are the trend towards

aggregation, broadening the economic approach and the increasing opportunity for

retrofitting. The aggregation of contracts means that the works and services are

being increasingly led in even larger sizes of works or they are being acquired

through frameworks or other forms of tenders which are not specific to the actual

project that in the end needs to be delivered. But they tend to be generic and often

based on the financial strengths of the organisation of the contracting firm or the

architectural firm. This has implications because what one can see in this is that the

small medium enterprise operations are suffering as a result with fewer

opportunities.

In the retrofitting area and in historic cities, it also means that the client has, by the

necessity of financial imperatives, underpinned the procurement structures in

Europe. The clients or the developers have had to look at larger development

packages. There has been a focus on larger schemes, bigger projects and more

massive sites. Many of the aspects of this are part of what are now referred to as

the new liberal financial model which seizes the economies and the scale of

production, and the returns received have been much more worthwhile for them.

But there are inherent problems with this because they fail to deal with human scale
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that may be necessary for us to be economically more efficient and also more

sustainable. This is because if they fail to address smaller projects with a smaller

size, it makes a specific response to specific problems difficult.

What needs to be looked at is the broadening of the economic approach. As

architects we are endeavouring to fulfil the needs of the society; and if those

definitions of how we can do it are not serving the whole range of the society, then

they are not clearly working. What we need to look at is having a more active

approach. One way we can do this as a professional is to take leadership on these

issues and effectively enact that change.

To increase the opportunity for retrofitting, we need to look where opportunities

currently exist in our imaginations and in the physical world, and to actually step

forward and step up to those challenges. This is not just looking at the existing

fabric of buildings, but also looking at what intellectual spaces we as architects can

offer in terms of turning the area around. We can look forward and work towards

fulfilling the actual needs of the society much more effectively and efficiently.

9.2. Bibliography & links

See Section 13.
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10. Outputs and impact of this project

10.1. Future outputs and impact

- The AECB in the UK – some of whose material was included in the course –

are keen to use some of the material from the NET_Learning project

(including video lessons) to support their Low Carbon Retrofit course in the

UK. The AECB course is accredited by the PassivHaus Institute.

- The MSc Sustainable Architecture Studies at the University of Sheffield (in

the UK) is one of the few courses in the UK which focus on retrofit and

radical energy and architectural transformations of existing buildings, under

the leadership of Dr Sofie Pelsmakers. Between October 2017 and January

2018, the basic course material will be given as background to the design

studio (about 30 architecture students) and is expected to remain a core part

of the MSc curriculum supporting retrofit skills for young architects from

around the world.
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The project provided an overall opportunity to explore the many aspects of the

retrofitting market in Europe and to exchange data, knowledge and research across

the different European countries.

The online course has been welcomed by many in all of the partner countries where

the dissemination took place. All students demonstrated a particular attention to the

sustainable themes around the construction industry.

In all of the lectures and research the discussion has always focused on the lack of

interest and knowledge of the issues related to the sustainable building renovations

from the majority of those that work in the construction industry.

Very often the term ‘retrofit’ is misunderstood and many associate retrofit with

redecoration.

There is a necessity to create a culture around what it means to retrofit, a culture

that can lead to the creation of an ad-hoc market led by specialised and qualified

people in the sector.

The stock of buildings to retrofit is incredibly big and will have no end, but those that

have the knowledge of how to address retrofitting problems are few.

It is for this reason that our recommendation is to continue with the implementation

of suitable qualifications at European level. The dissemination of the course will not

be sufficient to establish a clear and wider understanding of the real meaning of

sustainability behind retrofitting. The potential is enormous, the platform this group

has created is only a drop in the ocean.
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12. Sources

Module 1

International Standards

ISO 21931-1:2010 - Sustainability in building construction -- Framework for methods

of assessment of the environmental performance of construction works -- Part 1:

Buildings

ISO 21929-1:2011- Sustainability in building construction -- Sustainability indicators

-- Part 1: Framework for the development of indicators and a core set of indicators

for buildings

CEN TC 350, Sustainability of construction works www.cen.eu/cen

Assessment methods / standards

BREEAM for Domestic Refurbishment, 2012, BRE

www.breeam.org/domrefurbmanual/

LEED, U.S. Green Building Council, www.usgbc.org

LEED Historic Buildings www.eh-cmap.eu/intellectual-outputs

Tools

AECB REALcosting software for retrofit lifetime costs, http://realcosting.co.uk/

STBA/DECC Responsible Retrofit Guidance Wheel, www.responsible-

retrofit.org/wheel

Velux daylight tool: www.viz.velux.com
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Materials and components, BRE -

https://www.bre.co.uk/greenguide/podpage.jsp?id=2126

Green specifications, www.greenspec.co.uk/ and

http://greenbuildingencyclopaedia.uk

Hammond and Jones, Inventory of Carbon and Energy (ICE),

www.circularecology.com/embodied-energy-and-carbon-footprint-database.html

IMPACT (Integrated Material Profile And Costing Tool) utilising BIM generated

quantities, www.impactwba.com

Open LCA, free LCA software, www.openlca.org

Butterfly, Life-Cycle Costing tool, free LCC software for UK housing professionals,

www.blpinsurance.com/added-services/life-cycle-costing/

Urban Futures Interactive tool, http://designingresilientcities.co.uk/

Organisations/websites

Renovate Europe, http://renovate-europe.eu/

The National Refurbishment Centre – www.rethinkingrefurbishment.com/

AECB CarbonLite: Standards and Guidance,

http://www.aecb.net/carbonlite/carbonlite-programme/

AEBC Carbonlite Retrofit course - http://www.aecb.net/carbonlite/carbonlite-retrofit-

training-course/

Historic Scotland, http://www.historic-scotland.gov.uk/technicalpapers

Society for Protection of Ancient Buildings (SPAB), www.spab.org.uk
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STBA, Sustainable Traditional Building Alliance, http://stbauk.org/

Retrofit Academy, https://www.retrofitacademy.org/

www.carbonbuzz.org

Lifetime Homes, www.lifetimehomes.org.uk

Cycle Assessment Procedure for Eco Materials (CAP’em), www.capem.eu

Retrofit For The Future: www.retrofitforthefuture.org/ (case study database)

Passivhaus and EnerPHit standard -

http://www.passiv.de/en/03_certification/02_certification_buildings/04_enerphit/04_e

nerphit.htm

Building Design wiki www.designingbuildings.co.uk

General further reading

Baeli, Residential Retrofit: 20 case studies, RIBA Publishing (2013)

Boardman et al., 40% house Environmental Change Institute (2005),

www.eci.ox.ac.uk/research/energy/40house/index.php

BRE, Ventilation, airtightness and indoor air quality in new homes (2005)

BSRIA, The Soft Landings Core Principles, www.softlandings.org.uk and

www.usablebuildings.co.uk

CIBSE Guide A, Environmental design

CIBSE Guide F, Energy efficiency in Buildings

Comfort (CIBSE Knowledge Series) (2006)
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CIBSE, Guide M, Maintenance engineering and Management (2008)

Construction Products Association. An introduction to low carbon domestic

refurbishment (2014)

Cook, Energy Efficiency in Old Houses, Crowood Press (2009)

Cotterell and Dadeby, The Passivhaus Handbook: A practical guide to constructing

and retrofitting buildings for ultra-low energy performance, Green Books (2012)

Denison and Halligan, Building materials and the environment,

www.stephengeorge.co.uk (2009)

Edwards, Rough Guide to Sustainability, RIBA Publishing/Earthscan (2010)

Gething, Design for future climate: opportunities for the built environment,

Technology Strategy Board (2010)

http://www.arcc-network.org.uk/wp-content/D4FC/01_Design-for-Future-Climate-

Bill-Gething-report.pdf

Griffiths, Eco-House Manual, Haynes (2007)

Harrison et al. BRE Building Elements, Building services, Performance, diagnosis,

maintenance, repair and the avoidance of defects (2000)

Heywood, 101 Rules of Thumb for Low Energy Architecture, RIBA Publishing

(2012)

Hurley et al., Deconstruction and reuse of construction materials, BRE (2001)

Mackay, Sustainable Energy, Without the Hot Air, UIT Cambridge Ltd.

www.withouthotair.com
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Mills, Building Maintenance and Preservation: A guide for design and management,

Butterworth and Heinemannn (1994)

NHBC, A practical guide to building airtight dwellings (2009)

NHBC, How occupants behave and interact with their homes. The impact on energy

use, comfort, control and satisfaction (2011)

NHBC, The impact of occupant behaviour and use of controls on domestic energy

use (2012)

Nicol, F., Humphreys, M. Roaf, S., (2015) Adaptive Thermal Comfort: Principles and

Practice, Routledge

Passivhaus and EnerPhit principles

https://passipedia.org/planning/thermal_protection

Pelsmakers,(2015) The Environmental Design Pocketbook, Riba Publishing,

http://www.environmentaldesignpocketbook.com

Penoyre and Prasad, Retrofit for Purpose: Low Energy Upgrade of Non-Domestic

Buildings, RIBA Publishing (2014)

Power A. Does demolition or refurbishment of old and inefficient homes help to

increase our environmental, social and economic viability? Energy Policy.

2008;36(12):4487-501.

Power A. Housing and sustainability: demolition or refurbishment? Proceedings of

the ICE - Urban Design and Planning. 2010;163(4):205-16.

Power A, Zulauf,M. Cutting Carbon Costs: Learning from Germany’s Energy Saving

Program. LSE Housing & Communities, London School of Economics. 2011.
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Retrofit for the Future: www.retrofitforthefuture.org/

Renovate Europe http://renovate-europe.eu/

RIBA, Guide to Using the RIBA Plan of Work (2013)

Rock, Period Property Manual: Care and repair of old houses, Haynes (2012)

Rock, Home Insulation Manual: How to cut energy bills and make your home warm

and comfortable, Haynes (2013)

Sassi, Strategies for Sustainable Architecture, Taylor & Francis (2006)

Stevenson and Morgan, Design for Deconstruction book, SEDA Design Guides for

Scotland: No. 1 (2005)

Suhr and Hunt, Old House Eco Handbook: A Practical Guide to Retrofitting for

Energy- Efficiency & Sustainability, Frances Lincoln (2013)

The National Refurbishment Centre – www.rethinkingrefurbishment.com/

The Retrofit 2050 project: www.retrofit2050.org.uk

Thorpe D, Sustainable Home Refurbishment, Earthscan (2010)

Vardoulakis, Heaviside, Health Effects of Climate Change in the UK (2012) Current

evidence, recommendations and research gaps, Health Protection Agency (HPA)

(2012)

Working Group I, Contribution to the IPCC Fifth Assessment Report, Climate

Change 2013: The Physical Science Basis: Summary for Policymakers from

www.climatechange2013.org/

Links and references
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Links and references

M1 L1

Why retrofit?

NASA Global Climate change –vital signs of the planet

http://climate.nasa.gov/evidence/

Pelsmakers, The Environmental Design Pocketbook, Riba Publishing (2015),

https://ebooks.ribabookshops.com/products/environmental-design-pocketbook-2nd-

edition-pdf

European Climate Foundation https://europeanclimate.org/bpie/

European Fuel Poverty and Energy Efficiency -

https://ec.europa.eu/energy/intelligent/projects/sites/iee-

projects/files/projects/documents/epee_european_fuel_poverty_and_energy_efficie

ncy_en.pdf

European Environment Agency http://www.eea.europa.eu/data-and-

maps/figures/households-energy-consumption-by-end-uses-5

Committee for climate change (UK) https://www.theccc.org.uk/tackling-climate-

change/the-legal-landscape/european-union-legislation/

Eurostat - http://ec.europa.eu/eurostat/web/environmental-data-centre-on-natural-

resources/overview/natural-resource-concepts

Roadmap to a Resource Efficient Europe

http://ec.europa.eu/environment/resource_efficiency/pdf/working_paper_part1.pdf
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DECC, DUKES - Domestic Energy Consumption in the UK 2011, DECC, Editor

2011: London.

Eurostat http://ec.europa.eu/eurostat/statistics-

explained/index.php/Greenhouse_gas_emissions_by_industries_and_households

International Energy Agency – Italy

http://www.iea.org/publications/freepublications/publication/italy2009.pdf

Czech Republic data

http://www1.cenia.cz/www/sites/default/files/Zprava%20o%20zivotnim%20prostredi

%20CR%202013_141112.pdf

Energy Policies of IEA countries – Czech Republic

https://www.iea.org/publications/freepublications/publication/Energy_Policies_of_IE

A_Countries_Czech_Republic_2016_Review.pdf

Czech Republic data

http://portal.chmi.cz/files/portal/docs/uoco/oez/embil/metodika_rezzo3.pdf

EC Energy security strategy - https://ec.europa.eu/energy/en/topics/energy-

strategy/energy-security-strategy

Euractiv - http://buff.ly/1NLTKad or Grid investment savings from energy efficiency

http://www.euractiv.com/section/energy/news/renovation-could-save-billions-in-grid-

investment-say-researchers/

Health impacts of fuel poverty (UK)

http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/@ps/doc

uments/digitalasset/dh_114012.pdf or

http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/pr
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od_consum_dh/groups/dh_digitalassets/@dh/@en/@ps/documents/digitalasset/dh_

114012.pdf

DECC (UK) Annual Fuel Poverty Statistics Report, 2015

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/4680

11/Fuel_Poverty_Report_2015.pdf

The scandal of Britain’s fuel poverty deaths http://www.theguardian.com/big-energy-

debate/2014/sep/11/fuel-poverty-scandal-winter-deaths

Renovate Europe http://renovate-europe.eu/media-centre/infographics/#

TABULA Webtool (National residential typologies and retrofit scenarios)

http://webtool.building-typology.eu/#bm

The EU Building Stock Observatory https://ec.europa.eu/energy/en/eubuildings

Data hub for the Energy Performance of Buildings: no longer active

https://www.buildingsdata.eu/

EU statistics explained (Eurostat): http://ec.europa.eu/eurostat/statistics-

explained/index.php/Greenhouse_gas_emissions_by_industries_and_households

M1 L1

Scale and timescale

Pelsmakers, The Environmental Design Pocketbook, Riba Publishing (2015)

https://ebooks.ribabookshops.com/products/environmental-design-pocketbook-2nd-

edition-pdf

Czech Republic data http://www.tzb-info.cz/4963-hodnoceni-energeticke-

narocnosti-budovy-polyfunkcni-dum
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Typical energy use benchmarks in Italy - Tabula - http://webtool.building-

typology.eu/#co

Eurostat 2016: http://ec.europa.eu/eurostat/statistics-

explained/index.php/Greenhouse_gas_emissions_by_industries_and_households

Italian Department of Civil Protection

http://www.protezionecivile.gov.it/resources/cms/documents/A3_class20150416_r.p

df

Italian National Budget Law 2016:

http://www.gazzettaufficiale.it/eli/id/2015/12/30/15G00222/sg

Rapporto RIUSO03, Cresme 2014 http://www.cresme.it/it/studi-e-ricerche/

Ecofys, 2005 - http://www.ecofys.com/

M1 L1

Demolition

Power A. Does demolition or refurbishment of old and inefficient homes help to

increase our environmental, social and economic viability? Energy Policy.

2008;36(12):4487-501.

Power A. Housing and sustainability: demolition or refurbishment? Proceedings of

the ICE - Urban Design and Planning. 2010;163(4):205-16.

Power A, Zulauf,M. Cutting Carbon Costs: Learning from Germany’s Energy Saving

Program. LSE Housing & Communities, London School of Economics. 2011.

M1 L2

Drivers
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European Climate Foundation https://europeanclimate.org/bpie/

Housing Europe http://www.housingeurope.eu/resource-468/the-state-of-housing-in-

the-eu-2015

5 reasons why the European Union must invest in thermal renovation of homes for

households in energy poverty, http://www.housingeurope.eu/resource-398/5-

reasons-why-the-european-union-must-invest-in-thermal-renovation-of-homes-for-

households-in-energy-poverty

Euractiv - Grid investment savings from energy efficiency

http://www.euractiv.com/section/energy/news/renovation-could-save-billions-in-grid-

investment-say-researchers/

ECEEE- China seeks energy efficiency in construction http://www.eceee.org/all-

news/news/news-2015/2015-10-15a/

State and local Energy efficiency network, Residential energy efficiency -

https://www4.eere.energy.gov/seeaction/topic-category/residential-energy-efficiency

State and local Energy efficiency network, Residential retrofit working group

https://www4.eere.energy.gov/seeaction/working-group/residential-retrofit

Un Documents 1992 - Agenda 21

https://sustainabledevelopment.un.org/outcomedocuments/agenda21

The Kyoto Protocol - http://unfccc.int/kyoto_protocol/items/2830.php

2010 - European Energy Performance of Buildings Directive EPBD, http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:EN:PDF

and http://www.epbd-ca.eu/



© USE
2017

pg. 145

145
Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring

Country Reports, http://www.epbd-ca.eu/ca-outcomes/2011-2015

Paris Climate Conference 2015 - COP21, http://www.cop21paris.org/about/cop21/

http://www.cop21.gouv.fr/en

Europe 2020 Programme Targets - http://ec.europa.eu/europe2020/europe-2020-in-

a-nutshell/targets/index_en.htm

Resource efficiency in Europe:

The Roadmap to a Resource Efficient Europe- http://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=CELEX:52011DC0571

Online Resource Efficiency Platform (OREP),

http://blogs.ec.europa.eu/orep/tag/resource-scarcity/

EU Strategy for Water Scarcity and Droughts, 2012,

http://ec.europa.eu/environment/water/quantity/eu_action.htm

GAIA: On the road to Zero Waste, http://www.no-burn.org/wp-content/uploads/On-

the-Road-to-Zero-Waste.pdf

ENERGY SECURITY

The International Energy Agency (IEA)

https://www.iea.org/topics/energysecurity/subtopics/whatisenergysecurity/

European Commission, https://ec.europa.eu/energy/en/topics/energy-

strategy/energy-security-strategy

Fuel poverty, (UK)

http://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/d
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eaths/bulletins/excesswintermortalityinenglandandwales/201415provisionaland2013

14final#causes-of-excess-winter-mortality

Fuel poverty, (UK) http://www.theguardian.com/big-energy-debate/2014/sep/11/fuel-

poverty-scandal-winter-deaths

Fuel poverty, (UK) UK Annual Fuel Poverty Statistics Report 2016,

https://www.gov.uk/government/statistics/annual-fuel-poverty-statistics-report-2016

Fuel poverty, (UK)  The UK Housing Energy Fact File (2013)

https://www.gov.uk/government/collections/domestic-energy-fact-file-and-housing-

surveys

WHO, http://www.who.int/mediacentre/news/releases/2016/air-pollution-

estimates/en/

Statista, statistical portal, https://www.statista.com/chart/4801/europe-matches-

asian-giants-in-air-pollution-deaths/

M1 L2

Barriers

UNEP Annual Report 2015, http://web.unep.org/annualreport/2015/en/index.html

Global Buildings Performance Network (GBPN) http://www.gbpn.org/

The Farrell Review of architecture and the built environment -

http://www.farrellreview.co.uk/

Institute for Sustainability

http://www.instituteforsustainability.co.uk/uploads/File/Delivering%20and%20Fundin

g%20Housing%20Retrofit%20report_March%202013.pdf
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Buildings Performance Institute Europe (BPIE) Report ®

http://www.gbpn.org/databases-tools/data-hub-energy-performance-buildings

M1 L3

Benefits

Content by Edith Colomba, www.ecocentric-design.com and www.ecda.co.uk

Content courtesy of AECB CarbonLite retrofit training programme www.aecb.net -

http://www.aecb.net/carbonlite/carbonlite-retrofit-training-course/

IEA report: “Capturing the Multiple Benefits of Energy Efficiency”

www.iea.org/publications/freepublications/publication/Captur_the_MultiplBenef_ofE

nergyEficiency.pdf

Liddell & Morris, 2010, Fuel poverty and human health -

http://www.sciencedirect.com/science/article/pii/S0301421510000625

Kuckshinrichs, Kronenberg and Hansen, 2013,

https://ideas.repec.org/a/eee/enepol/v38y2010i8p4317-4329.html

Korsholm et al., 2012, impact of building insulation on airpollution

http://www.sciencedirect.com/science/article/pii/S1352231012000738

Air pollution in cities - https://www.architectsjournal.co.uk/10016545.article

Image from The Evening Standard, 01.12.2016

http://www.standard.co.uk/news/health/parents-warned-over-taking-babies-outside-

in-london-as-air-pollution-levels-soar-a3409616.html
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Affinity Sutton’s FutureFit project – www.ukgbc.org/resources/case-study/case-

study-affinity-sutton-futurefit and http://www.affinitysutton.com/media/667531/future-

fit-final-report-part-two.pdf

M1 L3

Health and comfort

AEBC Carbonlite Retrofit course - http://www.aecb.net/carbonlite/carbonlite-retrofit-

training-course/

Content by Edith Colomba, www.ecocentric-design.com and  www.ecda.co.uk

UK Climate Change Projections, ukcp09,  http://www.ukcp09.co.uk

Pelsmakers, The Environmental Design Pocketbook, Riba Publishing

https://ebooks.ribabookshops.com/products/environmental-design-pocketbook-2nd-

edition-pdf

M1 L3

Risks – unintended consequences

Affinity Sutton’s FutureFit project – www.ukgbc.org/resources/case-study/case-

study-affinity-sutton-futurefit and http://www.affinitysutton.com/media/667531/future-

fit-final-report-part-two.pdf

Content by Edith Colomba, www.ecocentric-design.com and www.ecda.co.uk

AEBC Carbonlite Retrofit course - http://www.aecb.net/carbonlite/carbonlite-retrofit-

training-course/

M1 L4



© USE
2017

pg. 149

149
Different standards

Pelsmakers, The Environmental Design Pocketbook, Riba Publishing

https://ebooks.ribabookshops.com/products/environmental-design-pocketbook-2nd-

edition-pdf

Renovate Europe, http://renovate-europe.eu/media-centre/infographics/#

Aereco https://www.aereco.co.uk/technology/why-ventilate/

EuroPHIt, step by step retrofit

http://europhit.eu/sites/europhit.eu/files/EuroPHit_Handbook_final_Optimized.pdf

BRE, airtightness in PassivHaus guide

Italy standards:

Standards and requirements for energy upgrades are defined by Law 192/2005 and

subsequent modifications and integrations

http://www.normattiva.it/atto/caricaDettaglioAtto?atto.dataPubblicazioneGazzetta=2

005-09-23&atto.codiceRedazionale=005G0219&currentPage=1

minimum standards:

http://www.sviluppoeconomico.gov.it/index.php/it/normativa/decreti-

interministeriali/2032968-decreto-interministeriale-26-giugno-2015-adeguamento-

linee-guida-nazionali-per-la-certificazione-energetica-degli-edifici

A list of relevant national laws and codes can be found at Italian Standardisation

Institute, Building Energy Committee http://www.cti2000.eu/legislazione-nazionale/
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“Protocollo ITACA”, the official Italian buildings sustainability assessment method, is

(voluntarily) used for both new construction and upgrades:

http://www.itaca.org/valutazione_sostenibilita.asp

Tabula - http://webtool.building-typology.eu/#co

Justin Bere, An Introduction to Passive House, Riba Publishing,

http://www.ribabookshops.com/item/an-introduction-to-passive-house/79862/

Passivhaus Institute, USA, http://www.phius.org/home-page

International Passivhaus conference - https://passivhaustagung.de/en/

International Passivhaus Institute - https://passivehouse-international.org/

Passivhaus http://www.passivhaus.org.uk/standard.jsp?id=19

Passivhaus for hot climates, http://haweahouse.blogspot.co.uk/2012/09/passive-

houses-for-hot-climates.html

Passivhaus in warm and humid regions

http://www.passivhaus.org.uk/page.jsp?id=19

Passivhaus in warm climate

https://passiv.de/former_conferences/Passive_House_E/PH_MedClim.html

TSB: Retrofit for the future, http://www.lowenergybuildings.org.uk/ and

http://www.retrofitanalysis.org/

Intelligent Energy Europe http://www.energieinstitut.at/Retrofit/

Energy Institute in Voralberg  - http://www.energieinstitut.at/

M1 L4
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Good retrofit

AECB CarbonLite retrofit training programme www.aecb.net

Pelsmakers, The Environmental Design Pocketbook, Riba Publishing

https://ebooks.ribabookshops.com/products/environmental-design-pocketbook-2nd-

edition-pdf

Soft Landings, www.bsria.co.uk/services/design/soft-landings/

M1 L5

Role of architect

Content by Edith Colomba, www.ecocentric-design.com and www.ecda.co.uk

SmartHomes Programme - https://ecda.co.uk/wp-

content/uploads/2015/06/GreenSky-Thinking-Presentation-2016.pdf and

http://retrofitworks.co.uk/grants-smart-homes-scheme/

Retrofit Academy, https://www.retrofitacademy.org/

Module 2 and Module 3

European Legislation

§ Overview, Energy standards and legislation, national reports on energy

performance requirements

https://ec.europa.eu/energy/en/topics/energy-efficiency/buildings/nearly-zero-

energy-buildings

Main European technical standards
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§ EN ISO 13790:2008 (WI=00089111)

Energy performance of buildings - Calculation of energy use for space

heating and cooling (ISO 13790:2008)

§ prEN 17037 (WI=00169068)

Daylight of buildings

§ CEN/TR 15193-2:2017 (WI=00169067)

Energy performance of buildings - Energy requirements for lighting - Part 2:

Explanation and justification of EN 15193-1, Module M9

European Data sources

§ TABULA Webtool (National residential typologies and retrofit scenarios,

including typical technologies for envelope and plants at exixting, usual

refurbishment and advanced refurbishment): http://webtool.building-

typology.eu/#bm

§ ODYSSEE-MURE (European database on energy efficiency and energy

saving policies and measures, including national reports):

http://www.odyssee-mure.eu/data-tools/

External Case Studies from other European projects

A. LEAF, specific for retrofitted apartment blocks in Austria, Germany, UK, France,

Sweden and Hungary, http://www.lowenergyapartments.eu/case-studies/

B. Demo buildings of the RetroKit Project in Germany, Spain and Sweden

http://www.retrokitproject.eu/demo-buildings/

C. ZEMedS, specific for retrofitted schools in Italy, France, Spain and Greece:

http://www.zemeds.eu/case-studies

D. EH-Cmap, Specific for retrofitted historic buildings in Italy, Portugal, Croatia and

Malta:
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E. www.eh-cmap.eu/intellectual-outputs

F. neZEH, Specific for retrofitted hotels in Italy, France, Croatia, Greece, Spain,

Romania and Sweden, http://www.nezeh.eu/main_menu/pilot_cases/index.html

(short VIDEOS! but not very technical…)

Tools

§ Satel-Light: detailed  daylighting calculation for any European location

http://satellight.entpe.fr/core.htm

§ Joint Research Centre PV Tool: Solar radiation and PV productivity in any

European location and for any orientation

http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php

§ Windfinder: Wind statistics , report and forecasts worldwide

https://www.windfinder.com/

§ University of California Santa Cruz wind tool: wind speed at any height/

location

http://es.ucsc.edu/~jnoble/wind/extrap/index.html

§ Degree Days: Heating Degree Days for any location worldwide

http://www.degreedays.net/

§ University of California Berkeley, Comfort tool: Comfort index according to

EN-15251 and ASHRAE 55, using PMV and Adaptive approach

http://comfort.cbe.berkeley.edu/

§ U-value online calculators

http://vesma.com/tutorial/uvalue01/uvalue01.htm

http://thermalcalconline.com/u-value-calculator/u-value-calculator.html

http://www.rockwool.co.uk/technical-support/tools/U-value-Calculator/

§ Relux: a freeware lighting simulation tool and online resources

https://relux.com/en/
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§ Retscreen (Natural Resources Canada): a Clean Energy Management

Software system for energy efficiency, renewable energy and cogeneration

project feasibility analysis as well as ongoing energy performance analysis

http://www.nrcan.gc.ca/energy/software-tools/7465

§ Best Directory: Building Energy Software Tools

http://www.buildingenergysoftwaretools.com

Other useful resources

§ EU Building Stock Observatory

https://ec.europa.eu/energy/en/eubuildings

§ REHVA HVAC Dictionary (European multilingual dictionary for HVAC

terminology): http://www.rehva.eu/publications-and-resources/hvac-

dictionary.html

§ Enerphit (European Standard for Retrofit) http://europhit.eu

§ BUILD UP Skills initiative: it helps train craftsmen, on-site construction

workers, and systems installers in the building sector. Its aim is to increase

the number of qualified workers across Europe who are able to undertake

energy efficient building renovations and help construct nearly zero energy

buildings.

http://www.buildupskills.eu/

§ Concerted Action EPBD: a forum launched by the Commission to promote

dialogue and the exchange of best practices between countries for reducing

energy consumption in buildings.

http://www.epbd-ca.eu/

§ Vg BUILD UP Portal: it brings together European experts on energy

reduction in buildings. The aim is to share information and best practices.

http://www.buildup.eu/
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Further Readings

§ Pacheco-Torgal, F: et Al. (2017). Cost-Effective Energy Efficient Building

Retrofitting, Elsevier

§ Dall’O’, G. (2013). Green Energy Audit of Buildings: A guide for a sustainable

energy audit of Buildings, Springer

§ Pelsmakers, S. (2015). The Environmental Design Pocket Book, RIBA

Publishing

§ Lechner, N. 2014. Heating, Cooling, Lighting - Sustainable Design Methods

for Architects. New York: John Wiley & Sons.

§ R. McMullan, R., 2012. Environmental Science in Building, 7th ed. London:

Palgrave MacMillan.

§ Baeli, M. (2013). Residential Retrofit: 20 case studies, RIBA Publishing

§ CIBSE Guide A, Environmental design

§ CIBSE Guide F, Energy efficiency in Buildings

Module 4

International Standards

ISO 13788:2012 - Hygrothermal performance of building components and building

elements -- Internal surface temperature to avoid critical surface humidity and

interstitial condensation -- Calculation methods
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ISO 15927-3:2009 - Hygrothermal performance of buildings - Calculation and

presentation of climatic data -- Part 3: Calculation of a driving rain index for vertical

surfaces from hourly wind and rain data

ISO 12571:2013  - Hygrothermal performance of building materials and products --

Determination of hygroscopic sorption properties

ISO 9346:2007 - Hygrothermal performance of buildings and building materials --

Physical quantities for mass transfer -- Vocabulary

ISO 10077–1:2006 Thermal performance of windows, doors and shutters –

Calculation of thermal transmittance.

ISO 15686-5:2008 Buildings and constructed assets, Service life planning, Life-

cycle costing

ISO 14040:2006 Life-cycle assessment – Principles and framework

ISO 14044:2006 Life-cycle assessment – Requirements and guidelines

EU Procurement Rules www.ec.europa.eu/internal_market/publicprocurement

CEN TC 350, Sustainability of construction works www.cen.eu/cen

Assessment methods / standards

BREEAM for Domestic Refurbishment, 2012, BRE

www.breeam.org/domrefurbmanual/

LEED, U.S. Green Building Council, www.usgbc.org

LEED Historic Buildings www.eh-cmap.eu/intellectual-outputs

Tools
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1. AECB REALcosting software for retrofit lifetime costs,

http://realcosting.co.uk/

2. STBA/DECC Responsible Retrofit Guidance Wheel, www.responsible-

retrofit.org/wheel

3. Velux daylight tool: www.viz.velux.com

4. Materials and components, BRE -

https://www.bre.co.uk/greenguide/podpage.jsp?id=2126

5. Green specifications, www.greenspec.co.uk/  and

http://greenbuildingencyclopaedia.uk

6. Hammond and Jones, Inventory of Carbon and Energy (ICE),

7. www.circularecology.com/embodied-energy-and-carbon-footprint-

database.html

8. IMPACT (Integrated Material Profile And Costing Tool) utilising BIM

generated quantities, www.impactwba.com

9. Open LCA, free LCA software, www.openlca.org

10. Butterfly, Life-Cycle Costing tool, free LCC software for UK housing

professionals, www.blpinsurance.com/added-services/life-cycle-costing/

11. Urban Futures Interactive tool, http://designingresilientcities.co.uk/

Organisations/websites

1. Renovate Europe, http://renovate-europe.eu/

2. The National Refurbishment Centre – www.rethinkingrefurbishment.com/

3. AECB CarbonLite: Standards and Guidance,

http://www.aecb.net/carbonlite/carbonlite-programme/

4. AEBC Carbonlite Retrofit course - http://www.aecb.net/carbonlite/carbonlite-

retrofit-training-course/

5. Historic Scotland, http://www.historic-scotland.gov.uk/technicalpapers
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6. Society for Protection of Ancient Buildings (SPAB), www.spab.org.uk

7. STBA, Sustainable Traditional Building Alliance, http://stbauk.org/

8. Retrofit Academy, https://www.retrofitacademy.org/

9. www.carbonbuzz.org

10. Lifetime Homes, www.lifetimehomes.org.uk

11. Cycle Assessment Procedure for Eco Materials (CAP’em), www.capem.eu

12. Retrofit For The Future: www.retrofitforthefuture.org/ (case study database)

13. Passivhaus and EnerPHit standard -

http://www.passiv.de/en/03_certification/02_certification_buildings/04_enerph

it/04_enerphit.htm

General further reading

Addis, Building with Reclaimed Components and Materials: A Design Handbook for

Reuse and Recycling, Earthscan (2006)

Baeli, Residential Retrofit: 20 case studies, RIBA Publishing (2013)

Bair, Sustainable Buildings in Practice. What the users think, Routledge (2010)

Boardman, Achieving zero - Delivering future-friendly buildings, University of

Oxford’s Environmental Change Institute (2012)

BRE, GBG 67, Parts 1 to 3; Achieving Airthightness (2006)

BRE, Ventilation, airtightness and indoor air quality in new homes (2005)

BRECSU, GPG 183: Minimising thermal bridging when upgrading existing housing:

a detailed guide for architects and building designers (1996); GPG 294

Refurbishment site guidance for solid walled houses – ground floors (2000); GPG

297: Refurbishment site guidance for solid walled houses – walls (2000)
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Brocklebank, Building Limes in Conservation, Routledge (2012)

BSRIA, The Soft Landings Core Principles, www.softlandings.org.uk and

www.usablebuildings.co.uk

Buntain et al., External insulation systems for walls of dwellings GPG 293. Energy

Efficiency Best Practice in Housing, London, Energy Saving Trust (2006)

CIBSE Guide A, Environmental design

CIBSE Guide B, Heating, ventilating, air-conditioning and refrigeration

CIBSE Guide F, Energy efficiency in Buildings

CIBSE, Lighting Guides LG 10, Daylighting and window design

CIBSE TM23: Testing buildings for air leakage

CIBSE TM 37: Design for improved solar shading control

Comfort (CIBSE Knowledge Series) (2006)

CIBSE, Guide M, Maintenance engineering and Management (2008)

CIBSE, TM41, Degree-days: theory and application (2006)

CIBSE, How to manage overheating in buildings: a practical guide to improving

summertime comfort in buildings (2010)

CLG, Improving the flood performance of new buildings – Flood resilient

construction (2007)

Coventry et al., The reclaimed and recycled construction materials handbook, CIRIA

(1999)
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Construction Products Association. An introduction to low carbon domestic

refurbishment (2014)

Cook, Energy Efficiency in Old Houses, Crowood Press (2009)

Cotterell and Dadeby, The Passivhaus Handbook: A practical guide to constructing

and retrofitting buildings for ultra-low energy performance, Green Books (2012)

Denison and Halligan, Building materials and the environment,

www.stephengeorge.co.uk (2009)

Details For Passive Houses: A Catalogue of Ecologically Rated Constructions

(2009), Osterreichisches Institut fur Baubiologie und okologie, Ambra Verlag

Energy Saving Trust, Enhanced Construction Details, CE297, CE302

http://www.energysavingtrust.org.uk

Energy Savings Trust, Low carbon futures: zero carbon case studies CE310 (2009)

English Heritage, Practical Building Conservation Series: Stone (2012), Timber

(2012), Roofing (2013), Concrete (2012), Mortars, Renders and Plasters (2012),

Conservation Basics (2013), Glass and Glazing (2012), Metal (2012), Earth, Brick

and Terracotta (2014), Building Environment ( 2014)

EuroPHit, Improving the energy performance of step-by-step refurbishment and

integration

of renewable energies (EUROPHIT):

www.ec.europa.eu/energy/intelligent/projects/en/projects/europhit

Gething and Puckett, Design for Climate Change, RIBA Publishing/TSB (2013)
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Gething, Design for future climate: opportunities for the built environment,

Technology Strategy Board (2010)

http://www.arcc-network.org.uk/wp-content/D4FC/01_Design-for-Future-Climate-

Bill-Gething-report.pdf

Gunnell, Murphy, Williams, Designing for Biodiversity – a technical guide for new

and  existing buildings, RIBA Publishing (2013)

The Green Guide to Specification: An environmental profiling system for building  -

https://www.bre.co.uk/greenguide/podpage.jsp?id=2126

Griffiths, Eco-House Manual, Haynes (2007)

Harrison et al. BRE Building Elements, Building services, Performance, diagnosis,

maintenance, repair and the avoidance of defects (2000)

Hurley et al., Deconstruction and reuse of construction materials, BRE (2001)

Liddell et al, Design and Detailing for Toxic Chemical Reduction in Buildings, SEDA

Lowe et al. Occupant-centred retrofit: engagement and communication. Key

Findings: Analysis of a selection of Retrofit for the Future projects (2012)

Mills, Building Maintenance and Preservation: A guide for design and management,

Butterworth and Heinemannn (1994)

Morgan, Design and Detailing for Airtightness, SEDA Design Guides for Scotland:

No. 2 (2006)

NHBC, A practical guide to building airtight dwellings (2009)

NHBC, How occupants behave and interact with their homes. The impact on energy

use, comfort, control and satisfaction (2011)
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NHBC, The impact of occupant behaviour and use of controls on domestic energy

use

(2012)

Passivhaus and EnerPhit principles

https://passipedia.org/planning/thermal_protection

Pelsmakers,(2015) The Environmental Design Pocketbook, Riba Publishing,

http://www.environmentaldesignpocketbook.com

Penoyre and Prasad, Retrofit for Purpose: Low Energy Upgrade of Non-Domestic

Buildings, RIBA Publishing (2014)

Retrofit for the Future: www.retrofitforthefuture.org/

Renovate Europe http://renovate-europe.eu/

RIBA, Guide to Using the RIBA Plan of Work (2013)

Rock, Period Property Manual: Care and repair of old houses, Haynes (2012)

Rock, Home Insulation Manual: How to cut energy bills and make your home warm

and comfortable, Haynes (2013)

Shrubsole et al. 100 Unintended consequences of policies to improve the energy

efficiency of the UK housing stock, Indoor and Built Environment (2014)

Stevenson and Morgan, Design for Deconstruction book, SEDA Design Guides for

Scotland: No. 1 (2005)

Stirling, Good Building Guide 45 Insulating Ground Floors, BRE (2001)
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Suhr and Hunt, Old House Eco Handbook: A Practical Guide to Retrofitting for

Energy- Efficiency & Sustainability, Frances Lincoln (2013)

The National Refurbishment Centre – www.rethinkingrefurbishment.com/

The Retrofit 2050 project: www.retrofit2050.org.uk

Thorpe D, Sustainable Home Refurbishment, Earthscan (2010)

UKCP09: UK Climate Projections (2009) www.ukcip.org.uk and

www.ukclimateprojections.metoffice.gov.uk/

Waring, Double Jeopardy: The Potential for Problems when Bats Interact with

Breathable Roofing Membranes in the United Kingdom, Architecture and

Environment (2013)

Watson and Adams, Design for Flooding: Architecture, Landscape and Urban

Design for Resilience to Climate Change, John Wiley (2010)

Links and references

M4 L1

Need to insulate homes in UK - http://www.bbc.co.uk/news/business-39107973

AECB CarbonLite retrofit training programme www.aecb.net

Form Factor - http://howtopassivhaus.org.uk/form-factor

Gonzalo & Vallentin, Passive House Design https://issuu.com/detail-

magazine/docs/bk_passive_house_design

www.greenspec.co.uk

Passivhaus conference 2011  http://www.iwu.de
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www.carbonreduction.eu

Green Building Store http://www.greenbuildingstore.co.uk/

EnergieSprong, http://energiesprong.eu/

Diathonite cork insulated render - http://www.ecobati.com/fr/produits/isolation-

thermique/facade-en-diathonite

www.diasen.com

http://www.vennerlucas.co.uk/

Prewett Bizley, http://www.prewettbizley.com/

Bjorn Kierulf – Createrra, Slovakia http://www.createrra.sk/

Richard Dudzicki Architects, UK - http://www.rdauk.com/

Marion Baeli/J.P. Wack/Octavia Housing – UK PH conference 2012 and

http://www.passivhaustrust.org.uk/UserFiles/File/PHT%202013%20dec%20retrofit/5

%20Marion%20Baeli%201312-03-PHT-Retrofit-performance.pdf

Helen Brown, Encraft, UK PH Conference 2012

Justin Bere architects http://www.bere.co.uk/

Tsuruta architects, http://www.tsurutaarchitects.com/

Harry Paticas – arboreal architects http://arborealarchitecture.com/

Assemble, Granby Street Liverpool, http://assemblestudio.co.uk/?page_id=862

Whittington co-operative eco-house,

http://withington.coopliving.net/withington.coopliving.net/index/
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Zero Carbon House Birmingham,(UK) John Christophers

http://zerocarbonhousebirmingham.org.uk/

Peter Land, N-London

http://www.ecodesignconsultants.co.uk/downloads/PH+Issue17HileyRd.pdf

AECB Retrofit Training Course http://www.aecb.net/carbonlite/carbonlite-

programme/carbonlite-retrofit-training-course/

Course in MSc in Retrofit https://www.dit.ie/architecture/gallery/nzebgallery/

STBA Responsible Retrofit Guidance Wheel http://responsible-retrofit.org/wheel/

U-value calculator http://www.builddesk.co.uk/software/builddesk-u/

Hygrothermal modeling https://wufi.de/en/

Wufi Bio for mould growth https://wufi.de/en/2016/04/19/wufi-bio/

Green specifications http://greenbuildingencyclopaedia.uk/

Material and product database http://www.greenspec.co.uk/

M4 L1

Heritage

Pelsmakers, S., Kroll, D. Recent approaches to sustainable retrofit of Victorian

houses, in Mobilising Housing Histories, Riba Publishing (March 2017),

http://www.ribabookshops.com/item/mobilising-housing-histories-learning-from-

londons-past/86033/

Kalliopi Fouseki and May Cassar, ‘Energy Efficiency in Heritage Buildings,

http://www.tandfonline.com/doi/abs/10.1179/1756750514Z.00000000058
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Peter Land,

http://www.ecodesignconsultants.co.uk/downloads/PH+Issue17HileyRd.pdf

Venice Charter (Conservation) https://www.icomos.org/charters/venice_e.pdf

Venner Lucas Archirects http://www.vennerlucas.co.uk/

Justin Bere architects http://www.bere.co.uk/

Harry Paticas – arboreal architects http://arborealarchitecture.com/

THE ECOLOGY OF BUILDING MATERIALS, Bjørn Berge

Tsuruta architects, http://www.tsurutaarchitects.com/

Zero Carbon House Birmingham,(UK) John Christophers

http://zerocarbonhousebirmingham.org.uk/

Park Hill Sheffield, http://www.urbansplash.co.uk/residential/park-hill

Astley Castle in Warwickshire by Witherford Watson Mann,

http://www.wwmarchitects.co.uk/projects/astley

Façade retrofit Belzinger Street, Berlin, Hild und K Architekten,

http://www.hildundk.de/

Chimney Pot Park , http://www.urbansplash.co.uk/residential/chimney-pot-park

http://www.manchestereveningnews.co.uk/news/local-news/stacks-of-praise-for-

salfords-chimney-pot-865303 and

http://www.manchestereveningnews.co.uk/news/local-news/warning-over-urban-

wastelands-as-pathfinder-856056 and http://salfordstar.com/article.asp?id=2304
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Assemble, Liverpool Granby Four streets,

https://www.theguardian.com/artanddesign/architecture-design-

blog/2015/may/12/assemble-turner-prize-2015-wildcard-how-the-young-

architecture-crew-assemble-rocked-the-art-world and

http://www.granby4streetsclt.co.uk/blog/ and

https://www.granbyworkshop.co.uk/pages/about-us

Giroscope http://www.giroscope.org.uk/

Whittington co-operative eco-house, http://withington.coopliving.net

M4 L1

Case studies

ECD Architects, www.ecda.co.uk

www.cecastudio.co.uk

M4 L2

Step by step retrofit

EuroPHIt

http://europhit.eu/sites/europhit.eu/files/EuroPHit_Handbook_final_Optimized.pdf

EST,  Sustainable Refurbishment 2010,

http://tools.energysavingtrust.org.uk/cym/Publications2/Housing-

professionals/Refurbishment/Sustainable-Refurbishment-2010-edition

Rooom architecten in Belgium www.rooom.be/

Step by step retrofit masterclass video http://www.howtopassivhaus.org.uk/online-

training-%E2%80%93-pht-masterclass-step-step-retrofit
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M4 L3

Payback – costs

AECB CarbonLite retrofit training programme www.aecb.net and

http://www.aecb.net/carbonlite/carbonlite-programme/carbonlite-retrofit-training-

course/

M4 L4

Unintended consequences

Content by Edith Colomba, www.ecocentric-design.com and www.ecda.co.uk

Neil May, Breathability in Buildings -

http://www.ecotimberframe.ie/pdf/BreathabilityinbuildingsNBT.pdf

Fran Bradshaw at ATA Architects,

http://www.annethornearchitects.co.uk/content.html

STBA Bristol soliod wall insulation guidance tool -

https://warmupbristol.co.uk/content/solid-wall-insulation

Image from MIT Open Course software -

www.flickr.com/photos/mitopencourseware/3039240194

Green Building Store – CRE8 barn, http://www.greenbuildingstore.co.uk/technical-

resource/cre8-barn-stirley-farm-enerphit/

Harry Paticas – arboreal architects http://arborealarchitecture.com/

AECB Retrofit Training Course http://www.aecb.net/carbonlite/carbonlite-

programme/carbonlite-retrofit-training-course/
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STBA Responsible Retrofit Guidance Wheel http://responsible-retrofit.org/wheel/

U-value calculator http://www.builddesk.co.uk/software/builddesk-u/

Hygrothermal modeling https://wufi.de/en/

Wufi Bio for mould growth https://wufi.de/en/2016/04/19/wufi-bio/

M4 L5

BIM

BIM info http://bimtalk.co.uk/bim_glossary:start

"Modelling multiple views on buildings". Automation in Construction. 1 (3): 215–24.

https://dx.doi.org/10.1016%2F0926-5805%2892%2990014-B

National BIM Standard-United States™ (NBIMS-US™)

https://www.nibs.org/?page=standards

Directive of the European Parliament and Council Directive 2014/24 / EU on Public

Procurement:

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32014L0024

BIM Task Group: http://www.eubim.eu/

BIM UK policy https://www.gov.uk/government/publications/government-

construction-strategy

and http://bim-level2.org/en/standards/

AEC BIM: https://aecuk.wordpress.com/

UK BIM Protocol: https://aecuk.files.wordpress.com/2012/09/aecukbimprotocol-v2-

0.pdf
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BIM Task Group: http://www.bimtaskgroup.org/

Digital Built Britain: https://www.gov.uk/government/news/launch-of-digital-built-

britain, http://www.digital-built-britain.com

Legislative Decree 50/2016: http://biblus.acca.it/download/nuovo-codice-appalti-

pdf/#

https://www.bimportale.com/norma-uni-11337-pubblicate-le-parti-1-4-5/

http://biblus.acca.it/bim-e-codice-appalti-ecco-la-situazione-in-italia-e-in-europa/

New Procurement Act http://bit.ly/2nIMP8i

Expert Council for BIM http://www.czbim.org/

BIM Handbook Czech Republic (BIM Příručka) 2013:

https://issuu.com/czbim/docs/bim-prirucka-2013-v1

Online BIM Calendar for upcoming events: https://www.bimkalendar.cz/

International BIM Report 2016, https://www.thenbs.com/knowledge/where-to-start-

with-bim

Construction Industry Council BIM Protocol: http://cic.org.uk/download.php?f=the-

bim-protocol.pdf

BIM NBS info https://www.thenbs.com/knowledge/where-to-start-with-bim

For more information about the IFC file format, visit http://www.buildingsmart-

tech.org/

2017 National BIM Guide for owners: https://www.nibs.org/page/nbgo_form
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BIM execution plan https://www.thenbs.com/knowledge/what-is-a-bim-execution-

plan-bep and https://sites.google.com/site/cpdbimtechcollaboration/bim-execution-

plan

Databases include: http://bimobject.com, https://www.nationalbimlibrary.com/ or

directly from the manufacturers’ website.

BIM task group http://www.bimtaskgroup.org/gsl/  and http://cic.org.uk/publications/

Image Source: http://www.nationwideconsultingllc.com/tag/parameters-for-present-

value-analysis/

M4 L6 – interviews

References Interview Brian Murphy

1. Green Building Encyclopaedia http://greenbuildingencyclopaedia.uk/

2. The Society of Protection of Ancient Buildings https://www.spab.org.uk/

3. Sustainable Traditional Buildings Alliance http://stbauk.org/

4. STBA Responsible Retrofit Guidance Wheel http://responsible-

retrofit.org/wheel/

5. BRE’s Victorian Terrace https://www.bre.co.uk/victorian-terrace

6. Enerphit Standard http://www.passivhaus.org.uk/page.jsp?id=20

7. National Self Build and Renovation Centre http://www.nsbrc.co.uk/

8. AECB’s Carbon Light Retrofit (CLR) http://carbonlite.aecb.net

9. The Retrofit Academy https://www.retrofitacademy.org/

10. The Green Register http://www.greenregister.org.uk/

11. Ecocentric Design www.ecocentric-design.com

References interview Carlo Battista
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• Carlo Battisti Blog https://carlobattisti.com/

• Legambiente https://www.legambiente.it/

• GBC HB http://www.gbcitalia.org/risorse/169?locale=it

• RESTORE project http://www.cost.eu/COST_Actions/ca/CA16114

• and https://eurestore.wordpress.com/

Ecocentric Design www.ecocentric-design.com

Module 5

Links and references

M5 L2

UK National Adaptation Programme 2013

https://www.gov.uk/government/publications/adapting-to-climate-change-national-

adaptation-programme

NHBC (UK) Guide To residential types by chronological order. Download Link:

http://www.nhbc.co.uk/NewsandComment/Documents/filedownload,59849,en.pdf

Heritage Energy Efficiency Tool (HEET) by Oxford City Council (UK): Guidance for

Heritage Buildings

https://www.oxford.gov.uk/info/20064/conservation/325/heritage_energy_efficiency_

tool_heet/4

National Policies and Schemes http://www.ukgbc.org/resources/key-topics/new-

build-and-retrofit/retrofit-domestic-buildings

International Policies & Intergovernmental Trends

http://ipcc.ch/organization/organization.shtml



© USE
2017

pg. 173

173
2050 low-carbon economy (across Europe)

https://ec.europa.eu/clima/policies/strategies/2050_en

Derelict Buildings’ websites/databases

UK

https://www.derelictplaces.co.uk/

http://www.derelictlondon.com/

ITALY

https://www.theguardian.com/artanddesign/gallery/2016/nov/05/abandoned-italian-

buildings-in-pictures

http://www.repubblica.it/viaggi/2015/11/12/foto/ospedali_ville_e_parchi_abbandonati

_la_mappa_dell_italia_decadente-127220520/

CZECH REPUBLIC

https://www.vice.com/sv/article/the-soviet-ghost-town-in-the-czech-republic

http://www.fototipy.cz/nejzajimavejsi-opustene-objekty-v-ceske-republice/

Project LEMUR http://www.bioregional.com/project-lemur-local-energy-mapping-

urban-retrofit/

http://gtr.rcuk.ac.uk/projects?ref=132027

IPCC Report

Future Cities: Formation of a more targeted retrofit agenda

http://www.ukgbc.org/resources/blog/tomorrow%E2%80%99s-world-retrofitting-uk-

cities-2050
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World Green Building Council (WGBC) rating tools: http://www.worldgbc.org/rating-

tools

Casa Clima (Italy) (private initiative to provide certificates)

https://it.wikipedia.org/wiki/CasaClima

http://www.agenziacasaclima.it/it/home-1.html

RETROFIT 2050 http://www.retrofit2050.org.uk/

Further reading

M5 L3

Delivering and funding housing retrofit: a review of community models

http://bit.ly/1iGjfYa

The 'Occupant centered retrofit: engagement and communication

guide' summarizes the findings from the post occupancy evaluation interviews with

retrofit occupants.

http://www.instituteforsustainability.co.uk/uploads/File/OCR_final.pdf

UKGBC – Retrofit Domestic Buildings http://www.ukgbc.org/resources/key-

topics/new-build-and-retrofit/retrofit-domestic-buildings

UKGBC Retrofit Incentives

http://www.ukgbc.org/sites/default/files/130705%2520Retrofit%2520Incentives%252

0Task%2520Group%2520-%2520Report%2520FINAL_1.pdf

Energy Saving Trust http://www.energysavingtrust.org.uk/

Case Studies

Superhomes http://www.superhomes.org.uk
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Sustainable Homes www.sustainablehomes.co.uk

Sanctuary Housing Refurb http://www.sustainablehomes.co.uk/housing-association-

reduces-energy-bills-by-750-per-home

SHIFT (Sustainable Homes Index for Tomorrow) Accreditation For both small and

large developments http://www.sustainablehomes.co.uk/shift

Retrofit For the Future (Innovate UK – ex TSB)

https://retrofit.innovateuk.org/documents/1524978/2138994/Retrofit+Revealed+-

+The+Retrofit+for+the+Future+projects+-+data+analysis+report/280c0c45-57cc-

4e75-b020-98052304f002
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2A
1. ACTIVE SOLAR HEATING

Passive renewable heat energy solar thermal panels attached to a frame with universal joint
mounting that follows the sun to maximise the heat energy gained.
Often used for heating swimming pools
Take care to ensure the benefits outweigh the losses, especially the carbon accounting, using grid
electricity to obtain renewable heat may not have a short carbon payback period.
PV collectors for the motor electricity would overcome some of the issues 1.

2. ADAPTATION
The adaptation or “future-proofing” of buildings can mean several things and is related to designing-
in flexibility in the use of the building to respond to the changing needs of society, building users and
its climate: building adaptation describes the performance aspects of a building related to
functionality and maintaining fit purpose over time concerning issues of planning, programme, and
people 2.
This should include forward-thinking with regards to both flexibility for re-use of buildings in new
functions (such as changing function or moving walls in the building to change the layout for
example) as well as for occupants who will age over time and require adaptations to enable them to
continue to use the building safely and securely. In a time of climate change, building adaptation also
means ensuring that  measures can be added/adapted later at minimal cost to ensure occupants’
comfort and health and well-being are safe-guarded in a changing climate. A good retrofit should
allow both adaptations to ensure that the building is future-proofed for future generations and that its
lifespan is extended through adaptation. This avoids building demolition in the future.

3. AIR BARRIER
An air barrier comprises materials and/or components, which are air impervious or virtually so,
separating conditioned spaces (heated, cooled or humidity controlled), from unconditioned spaces
(unheated, uncooled, humidity uncontrolled, usually outside) 3.

4. AIR CHANGES (ach-1)
A measure of the air exchange in a building; this is expressed as m3/(m2.hr) or as air changes per
hour (ach-1), which is the EU standard of expressing airtightness 4. One air change is an exchange of
a volume of air equal to the interior volume of a building 5.
A volume of 1 m3 of air per hour is exchanged through 1 m2 of building element. It is also the
acceptable unit used to measure airtightness or air infiltration defined by the Building Regulations or
other standards such as Passivhaus.

5. AIR EXFILTRATION
The uncontrolled outward leakage of indoor air through cracks, discontinuities and other
unintentional openings in the building envelope.
In winter the air is likely to be heated and heated air exfiltration will result in uncontrolled heat loss
and potential interstitial condensation risk 6.

6. AIR INFILTRATION
The uncontrolled inward leakage of outdoor air through cracks, discontinuities and other
unintentional openings in the building envelope. In winter the air is likely to be cold and cold air
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infiltration will result in uncontrolled draughts, leading to thermal discomfort and condensation risk 7.
Air that leaks into a building through small cracks in door and window frames 8; through careful
design and quality of construction, air permeability and air infiltration can be minimised 9.

Another term for inward air leakage/air permeability 10.

7. AIR LEAKAGE
Uncontrolled movement of air out of a building which is not for the specific and planned purpose of
exhausting stale air or bringing in fresh air 11.

8. AIR PERMEABILITY
The leakage of air (m3.h-1) in or out of a building space, per unit area (m2) of envelope (including
ground floor area) at a reference pressure of 50 Pa between inside and outside the building 12.

9. AIR SOURCE HEAT PUMPS (ASHP)
Pump which extracts heat from the outside air (in the same way that a fridge extracts heat from its
inside) in order to heat a building 13. Air-source pumps are more efficient than GSHP (Ground source
heat pumps) or GSCP (Ground source cooling pumps) in this situation, nevertheless the basic
mechanics are similar 14.

10. AIR TIGHT ENVELOPE
This describes the state of the external faces of a building, it is vitally important that buildings are
airtight to ensure no hot air escapes and no cold enters in the heating season making the building
more expensive and fuel consuming that it need be to maintain a comfortable temperature inside
free from drafts 15.

11. AIRTIGHTNESS
The descriptive term for the resistance of the building envelope to the leakage of air; a term related
to the airtightness of a building but describing the opposite, i.e. leakiness of a building. Identifying
and controlling air leakage is key to preventing energy losses through convection of warm air 16.
The smaller the leakage for a given pressure difference across a building, the tighter the building
envelope 17.

An airtight building is one that does not lose either heated or cooled air to the outside in an
uncontrolled manner. The smaller the leakage for a given test pressure difference through the
external envelop of the building, the tighter the building envelope; The greater the airtightness, the
lower the air infiltration 18. Old buildings were designed to be leaky for the health of the construction
but as we move towards zero carbon buildings air tightness and deliberate controlled efficient
ventilation are deemed essential 19.

External rendering or internal plastering in the form of ‘parge coating’ on brick / block backgrounds
can be useful in effecting an air seal – providing there is continuous coverage. The application of a
‘skim’ coat to plasterboards can also prove effective 20.

Airtightness is also a precursor to increased vapour control reducing the incidence of interstitial
condensation particularly in timber or lightweight structures 21. The placing of vapour barrier (VB) on
the warm side of thermal insulation and breathing membranes (BM) on the cold side of thermal
insulation will discourage moisture entering the construction and enable moisture to  to escape from
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it generally in the outward direction. This basic principle is not fully understood and can be designed,
specified, carried out incorrectly or inadequately. If not done correctly, this can lead to interstitial
condensation where warm moist air passes into the insulation, cools down, the air can no longer
hold the moisture which is released as condensation within the construction. To overcome this issue
replacing the Vapour barrier and the breather membrane with a moisture permeable air tightness
layers (ATL) internally and a moisture permeable wind tightness layers (WTL) externally; these
prevent air flow but permit moisture passage in either direction but the inner layer needs to be 5
times more moisture resistant than the outer layer to encourage outward movement of moisture.
In this situation the insulation used must by hygroscopic. This type of construction is described as
breathing (misleading since it refers to breathing moisture not breathing air) 22.

12. AIR QUALITY (ALSO IAQ OR INDOOR AIR QUALITY)
Quality of the air within and around a building or a structure, related to the health and comfort of
building occupants141. In addition to global warming, ozone depletion and acid rain other forms of air
pollution can affect human health and the natural environment:
· Off-gassing from materials and internal finishes 23. The BRE Green Guide to Specification

ignores Indoor Air Quality (IAQ) in its environmental assessment of materials 138.
· The air quality within a building as it relates to the health and comfort of the occupants.

IAQ can be affected by contaminants or gases and humidity.
Choosing materials, products, finishes, fixings and furniture using natural materials with little or no
synthetics content, with low VOC that would otherwise off gas into the indoor air should be the
primary solution to improving indoor air quality, followed by adequate ventilation. Ventilation is
normally the primary method of improving IAQ, by replacing stale carbon dioxide rich air (from
breathing) with oxygen rich air, by removing high humidity air (from boiling food or cloths, steamy
baths and showers, sweating from heat and energetic activity and breathing out moist air; trapped
inside by vapour barriers) and replacing it with lower humidity fresh air. Whilst ventilation is the
normal method of improving IAQ, it should only be seen as part of the solution. Breathing wall or roof
constructions only address moisture management by allowing the moisture to pass through the
external wall/roof unhindered by vapour barriers. Airtightness layers stop air escaping along with
heat but permit moisture to pass through, so cannot be part of an air cleaning method. ‘Breathing
walls’ can ensure that humidity levels do not build up because they use moisture permeable airtight
membranes not vapour barriers.

13. ALTERATION
Rearrangement, replacement, or addition to a building or its systems and equipment.
Routine maintenance and service or a change in the building’s planning use category shall not
constitute an alteration 24.

14. ANNUAL COOLING DEGREE-DAYS (CDDs)
Annual cooling degree-days (CDDs) are the sum of the degree-days over a calendar year 25.

15. ANNUAL ENERGY PERFORMANCE
Average annual primary energy consumption of a building 26.

16. ANNUAL HEATING DEGREE-DAYS (HDDS)
Annual heating degree-days (HDDs) are the sum of the degree-days over a calendar year 27.
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17. BIOMASS
A renewable energy source, commonly used to refer to plant matter grown to generate heat or
electricity 28. They are fuels which have been produced from organic matter such as agricultural or
forest waste; Biological material derived from living, or recently living organisms, such as wood,
organic waste, and crops 29. grasses, tree litter, roots, and animals and animal waste 30.

Biomass is also used to describe energy produced from waste containing a larger proportion than
usual of organic matter 31. Biomass is any cellulose material in the shape of wood chippings, pellets,
waste wood or even straw in briquette format. Short rotation coppicing such as willow are highly
sustainable biomass fuels. Trees during their growing cycle release oxygen and absorb carbon
dioxide they are then felled and replanted and the process starts all over again. The advantage
biomass is that it is 100% sustainable nature if harvested from sustainable forests through what is
known as the sequestration process – however, architects have no control over this sustainable
sourcing and growing process. As such burning biomass and wood is not ‘zero carbon’, as is often
assumed. Not only is transportation and processing required, if the uptake of CO2 from new biomass
growth is away from the building, it will take many years to offset and pollution may be higher than
gas or coal burning. If just considering the fuel burned in the building, it is similar to burning coal.
Burning biomass also causes other pollution with damage to human health (PM10, NOx), and
requires more maintenance than a gas-boiler 32.
A wood burning stove fitted with a back boiler is a micro biomass boiler 33.

18. BLOWN-IN INSULATION

Is insulation pumped or blown into cavities during construction, can be renewable fibrous materials
like recycled paper blown into timber frame, rock mineral fibre blown into masonry cavities walls or
non-renewable foamed into masonry wall cavities.
There are two types of recycled paper application, dry or with added moisture (like papier mache
only drier), and two methods, blown at open cassette panels against backing board and between
studs or through a hole in the inner or outer lining at the top of the stud zone.
Blown-in insulation has the potential to fill the voids comprehensively without any gaps, voids,
compression, misalignment, etc. Density of applications and moisture control are essential for perfect
installation, free from slumping. First applications at the beginning of the day are prone to high
moisture content and wrong density can lead to slumping 34.
Hemp-lime is also blown-in to studwork and backing board to make external walls and roofs

19. BOILER CAPACITY
rated heat output of the boiler, at the design inlet and outlet conditions and rated fuel or energy input
35.

       20. BREATHER MEMBRANE (BM)



6A water-resistant sheet which allows transmission of water vapour (usually outwards), but which
provides resistance to air-flow (usually outwards) 36; a membrane which allows moisture vapour to
escape whilst preventing water from entering the construction 37. Often forms part of the Wind-
tightness layer 38. Restricting air flow also reduces heat loss or cooling gain when the air could
otherwise carry heat away. Also used as an air-tightness layer preventing hot air escaping from
thermal insulation 39.

It is recommended that the construction should be as vapour diffusion open as possible on the
outside and as vapour diffusion tight as necessary on the inside to minimise condensation risk and to
maximise the drying that can occur in the event of moisture entry into the construction 40.

Used in roof construction roof tile underlay or in wall construction as a damp proof membrane in
Rainscreen cladding or behind timber weatherboarding. A breather membrane is always located on
the cold side of the thermal insulation. Breather membranes are essential between open pore
insulation against ventilated cavities. Partially insulated masonry cavity walls using glass rock or slag
fibre insulation without a breather membrane waste heat to the cavity ventilation and stack effect in
the cavity when the wall is heated by the sun. In Austria a breather membrane will be used in a
masonry cavity wall with partial fill insulation where the insulation is of an open cell or open fibre
material. See: airtightness layer, vapour open, Breather Membrane, Breathing Roofing membranes

21. BREATHING ROOFING MEMBRANES (BRM)
Traditionally made of lightly bitumen impregnated felts and building papers: they keep the rain out
but let moisture vapour out of the construction, located under roof coverings or slate, tiles, shingles
and shakes. Increasingly being replaced by modern woven plastic fibre fabrics or plastics sheeting.

Bats like to get into roofs and sleep under the tiles to benefit from solar gains on those tiles, next to
the membranes and some have been know to become entangled in the strong modern fibres 41.

22. BROWNFIELD LAND
Land available for development which has previously been built on or used for purposes that have
altered the condition of the soil 42.

23. BUILDING EMISSION RATE (BER)
The level at which a building contributes to global warming and climate change by direct leakage of
harmful gases or indirect generation of carbon dioxide from power generation 43.

24. BUILDING ENVELOPE – THERMAL ENVELOPE
The outer shell that separates the interior and the exterior environments 44: the external elements
(walls, windows and doors, basement, ground or suspended over air floors, ceiling, roof and
rooflights) of a building once assembled and sealed create the Building Envelope and these enclose
the conditioned (heated, cooled, ventilated and/or moisture controlled) space 45 in order to separate
an internal occupied space from the external environment, thus creating a comfortable, habitable
interior 46.
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The PassivHaus building envelope (also referred to as the thermal envelope) consists of all
components that separate the interior from the exterior. The interior of the building allows prevailing
comfortable climate, whereas the outside is determined by the weather. In order to maintain
comfortable indoor conditions in low-energy buildings, the entire building envelope needs to be
perfectly insulated and prevented from air leakages. The most important principle for energy efficient
construction is a continuous insulating envelope all around the building, which minimises heat losses
like a warm coat. In addition to the insulating envelope there should also be an airtight layer as most
insulation materials are not airtight. Independently of the construction, materials or building
technology, one rule is always applicable: both insulation and airtight layers need to be continuous.47

The thermal envelope in a PassivHaus includes the external walls  (up to where the wall functions as
a thermally separating element, so rainscreen cladding is usually excluded).

C
25. CAPILLARY ACTION/ATTRACTION

A force that can overcome gravity and facilitate moisture transport across materials.
It is reliant upon the nature of materials on the surface of components of buildings.
Open pored materials can absorb water, close proximity of the cell walls allows the water to be
drawn from cell to cell. Close proximity of adjacent surfaces can allow water touching both sides of a
gap to use capillary attraction to move towards the narrowest gap and remain there until evaporation
disperses it. Timber should be separated by 8 mm. minimum to prevent water remaining in place,
potentially saturating the timber changing its appearance locally and leading to potential rot.
Timber rainscreen with sloping top and bottom opposing surfaces should be sloping downwards and
outwards and the gap between should be narrower at the bottom to encourage water downwards
and wider at the top to discourage water climbing upwards. Splashes of rainwater normally bounce
as high as 150 mm; if the surface is timber with a rough surface capillary attraction, it can allow the
surface to be wetted up to 450 mm above the ground through capillary action 48.

26. CARBON CALCULATORS
Carbon calculators are a great way of estimating the emissions from a building; it is a methodology
used by a designer or an engineer to assess the impact on climate change, or the carbon footprint,
of his/her project 49. With this information you can then implement methods to reduce the carbon
footprint, such as the installation of insulation or renewable technologies.

27. CARBON CAPTURE AND SEQUESTRATION (CCS)
Carbon capture and sequestration is a set of technologies that can greatly reduce carbon dioxide
emissions from new and existing coal- and gas-fired power plants, industrial processes, and other
stationary sources of carbon dioxide.
It is a three-step process that includes capture of carbon dioxide from power plants or industrial
sources; transport of the captured and compressed carbon dioxide (usually in pipelines); and
underground injection and geologic sequestration, or permanent storage, of that carbon dioxide in
rock formations that contain tiny openings or pores that trap and hold the carbon dioxide 50.
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28. CARBON CYCLE

Biogeochemical cycle by which carbon is exchanged among the biosphere, pedosphere, geosphere,
hydrosphere, and atmosphere of the earth 51. The reservoirs are the atmosphere, terrestrial
biosphere (usually includes freshwater systems), oceans, and sediments (includes fossil fuels).The
annual movements of carbon, the carbon exchanges between reservoirs, occur because of various
chemical, physical, geological, and biological processes. The ocean contains the largest pool of
carbon near the surface of the Earth, but most of that pool is not involved with rapid exchange with
the atmosphere 52.

29. CARBON FOOTPRINT
Measure of the impact human activities have on the environment and, in particular, climate change
53. The total amount of greenhouse gases that are emitted into the atmosphere each year by a
person, family, building, organization, or company.
A persons carbon footprint includes greenhouse gas emissions from fuel that an individual burns
directly, such as by heating a home or riding in a car.
It also includes greenhouse gases that come from producing the goods or services that the individual
uses, including emissions from power plants that make electricity, factories that make products, and
landfills where trash gets sent 54.
A building’s carbon footprint is the measure of the carbon emissions resulting from the use or
operation of that building and its energy demand/needs, measured in units of carbon dioxide, usually
in buildings in kgCO2

55
.

30. CARBON SEQUESTRATION
The deliberate removal or storage of carbon in a store where it will remain or in a sink where it will
continue to develop or grow: capturing carbon dioxide emitted from power plants and storing it
underground 56. Types of sequestration include ‘geological’ where CO2 is captured and buried
underground and ‘biological’ where CO2 is absorbed during the growth of plants and trees 57.
Terrestrial, or biologic, carbon sequestration is the process by which trees and plants absorb carbon
dioxide, release the oxygen, and store the carbon. Geologic sequestration is one step in the process
of carbon capture and sequestration (CCS), and involves injecting carbon dioxide deep underground
where it stays permanently 58.

Carbon Sequestration in construction usually refers to building products derived from plant materials
such as wood and hemp, where CO2 is absorbed as part of the growing process: the carbon remains
‘locked’ in the material for the lifetime of the building, if designed for deconstruction and reused the
carbon remains ‘locked’ for longer.  Urban trees absorb more CO2 than in forests – they have more
space and tend to grow much larger as there is less competition 59.

31. CAVITY WALL
Common construction for external walls in many EU countries, comprising an inner and outer leaf of
brick and/or block with a space between for air or insulation or both, the leaves are tied together
usually with metal ties. Insulation in the cavity may fully fill or partially fill the cavity; partial fill
insulation needs retaining disks adding to the wall ties to hold the insulation towards the dry (warm)
side of the cavity and the insulation needs to be closed cell or have a closed face (foil face) or a
breather membrane (uncommon in the UK) to prevent the air flowing in the cavity drawing out too
much heat too easily from within the airspaces of the insulation, reducing its performance; despite
these measures, heat will still be lost to the cavity 60. See closed cell insulation
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32. CHIMNEY EFFECT – STACK EFFECT

The flow of air that results from warm air rising, creating a positive pressure area at the top of a
building and a negative pressure area at the bottom of a building 61.

33. CLEAN ENERGY
Homes and businesses may incorporate solar panels and arrays as a source of clean, renewable
energy 62.

34. CLIMATE CHANGE (CC)
Climate change is caused by the greenhouse effect which is induced by emission of greenhouse
gases into the air , of which carbon dioxide is the main pollution 63. Accepted as a result of human
activity and fossil fuel consumption 64, causing long-term changes in temperature, precipitation, wind
and all other aspects of the Earth’s climate. Short-term climate variability and longer-term trends or
shifts in climate caused by natural mechanisms or by human activity 65.

Climate change refers to any significant change in the measures of climate (changes in the global,
average surface-air temperature and subsequent change of various climate parameters) lasting for
an extended period of time. In other words, climate change includes major changes in temperature,
precipitation, or wind patterns, among others, that occur over several decades or longer.66

This effects things such as storm frequency and intensity, rainfall intensity and frequency of flooding.

35. CLOSED CELL INSULATION MATERIAL
Insulation where the cells are closed so will not absorb moisture from the atmosphere, such as
foamed plastics and foamed cellular glass. They often have a foil face to minimise heat being
radiated out of the insulation into airspace.
Closed cell insulation materials are often used in cavity masonry construction because of the damp
conditions due to wind driven rain, porous materials, porous joints, open perpends, etc.

Should not be used in Breathing Construction (Vapour open construction) because it will not absorb
moisture away from the surrounding timber framing 67.

36. COEFFICIENT OF PERFORMANCE (COP)
COP is usually referred to in measuring the efficiency of heat pumps.
It is the ratio of the heat energy output of the heat pump versus the amount of electrical energy input
68. A Minimum COP of 3 or 4 should be used and avoided if heat pumps have a COP of less than
this.

37. COLD BRIDGING – THERMAL BRIDGING
A discontinued term for thermal bridging 69.

38. COMBINED COOLING HEATING AND POWER (CCHP)
An additional advantage of CCHP is that the ample hot water supply can be used in a ‘tri-generation’
scenario to provide cooling through a chemical absorption process, which is exceedingly efficient 70.

39. COMBINED HEAT AND POWER (CHP)
CHP systems burn fuel in an engine or boiler to drive a generator to produce electricity; it is the
combined production of heat, usually in the form of steam, and power, usually in the form of
electricity71. The use of waste steam exhaust from turbines in energy production, diverted from
cooling towers condensed to hot water for use as heat 72. Also known as cogeneration.



10The burning or the engine also produces heat, which is recovered and used to warm buildings and
water consumed within them. This is often linked to community heating and power systems that
provide heat and electricity to a large number of homes and/or businesses from a central boiler
through a private distribution system of pipes and cables. Biomass can be used for fuel 73 - see
biomass. While a conventional power station dissipates over 60% of the heat created out into the
atmosphere through cooling towers (or in the case of nuclear power stations to the sea) a CHP plant
uses the waste heat and is therefore closer to 90% efficient.

Works based on the principle that electricity generation produces heat as a by-product; CHP was
developed as a way of capturing and using the ‘waste’ heat. CHP plants have been successfully
established at a variety of locations and scales in recent years, but recent research has been
concentrated on developing CHP units for domestic use 74.

A significant bi-product of CHPs is ample quantities of hot water which can be used for building
space and hot water heating. It is therefore only suitable in buildings with a large heat-demand, and
not in low-energy buildings or retrofits, unless there is a mix of uses which require a large heat
demand (such as a nursery/student housing, swimming pool etc.).

Scandinavia, the Netherlands and Germany are testament to the popularity and environmental
benefits of state-of-the-art CHP technology that is now available, especially when deployed on a
community wide scale. Distribution pipes must be well insulated to avoid heatloss in the pipe
network, reducing efficiencies and hence carbon savings. As the EU countries have cleaner fuel
providing electricity through renewable technologies (or nuclear), burning fossil fuels (usually natural
gas) to generate electricity and waste heat in a CHP unit will not lead to carbon reductions and might
increase carbon emissions instead.

40. COMMISSIONING (BUILDING)
The Building Commissioning Association (BCA) defines Existing Building Commissioning as a
systematic process for investigating, analyzing, and optimizing the performance of building systems
through the identification and implementation of low/no cost and capital intensive Facility
Improvement Measures (FIMs) and ensuring their continued performance. The Existing Building
Commissioning process assists in making the building systems perform interactively to meet the
Current Facility Requirements (CFR) and provides the tools to support the continuous improvement
of system performance over time. The term Existing Building Commissioning is intended to be a
comprehensive term and process that encompasses the more narrowly focused process variations
such as retro-commissioning, re-commissioning and ongoing commissioning that are commonly
used in the industry.75 It basically means ensuring that the building and its systems operate as
intended and as designed to meet the needs of the building occupants and users at handover of the
building/retrofit stage. Fine-tuning of systems is likely required seasonally for the first 1 to 2 years of
operation of the building post-completion.

41. CONTINUOUS INSULATION (CI)
Is insulation that is continuous across all structural members without any thermal bridges, excluding
fasteners and service openings, doors and windows. It is installed on the interior, exterior, or integral
to any opaque surface of the building envelope 76. Integral insulation will often be thermally bridged
by framing, external insulation will often prevent thermal bridging and is easier to provide in a
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continuous layer, while internal insulation may hide thermal mass and prevent its exploitation 77.

42. CONVECTIVE AIR FLOW
As used with thermal bypass, this refers to air-flow that occurs in gaps between insulation and the air
barrier due to temperature differences in and across the gap resulting in a stack effect or driving
forces from more to less heat 78.

43. CRADLE TO CRADLE (C2C)
The ‘Cradle to Cradle’ concept was developed by scientist Michael Braungart and architect William
McDonough and is essentially an economic, industrial and social framework that seeks to create
systems that are not just efficient but effectively waste free.
It is a biomimetic approach which focuses on recycling in closed loops (i.e. that the ‘waste’ from one
process becomes the ‘food’ for another and materials are continuously reused) and combines
economic growth with environmental protection and social well-being 79.

44. CROSS-VENTILATION:
Natural ventilation that would generate air-flow across a space and is achieved by opening windows
on more than one facade of a building 80. This is also reliant upon there being air pressure
differentials between the facades either side of the building.

D
45. DECARBONISATION

Phasing-out of dependence on carbon-containing fossil fuels, and carbon embedded in other
societal and industrial processes (travel, manufacturing) 81.

46. DECONSTRUCTION
Is a process of carefully taking apart components of a building, possibly with some damage, with the
intention of either re-using some of the components after refurbishment or reconditioning, or
recycling the materials. It may be undertaken during refurbishment, when adapting a building for new
use, or at the end of its life 82.

Deconstruction can be carried out in a number of phases and designing for deconstruction is an
important element of sustainable design and retrofit:
Soft Strip in up to 3 phases then:
1 While the building is still stable: Removal of non-inert material including timber (it will rot), gypsum
plaster & plasterboard (stable non-reactive hazardous waste), lime mortar, lime render (lime is active
and recyclable).
2 May require propping, temporary works shoring in order to carry out removal of valuable
reclaimable and reusable construction materials mostly by hand to avoid damage, to enable reuse
including: healthy timber, brick, stone, doors, windows, etc. includes Architectural Slavage and
Construction Reclaim
3 Demolition by numerous means including mechanical destructive, e.g. ball and chain,83

47. DECREMENT DELAY
Refers to the time it takes for heat generated by the sun, to transfer from the outside to the inside of
the building envelope and affect the internal conditions 84. Materials affording higher rates of
decrement delay will have a low lambda value (low thermal conductivity or k-value), high specific



12
heat capacity and high density. Insulation materials offering a high decrement ‘factor’ include
cellulose fibre (7.3 hr), woodfibre insulation board (11.3 hr); whereas materials with a low decrement
factor would include low-density mineral fibre (3.7 hr) and low density foamed plastics polyurethane/
polystyrene (2 hr).
Decrement delay is essential in the design of lightweight timber or metal frame buildings walls and
roofs. Insulation with a high decrement factor can be used to limit solar over-heating in particularly
warm climate conditions. For example, installing cellulose as a roofing insulation will likely slow-down
the heat transfer from a sun-heated roof surface, through to the inside by around 7 hours – or by
evening time by which time the sun has set and its heat source is removed 85.

48. DEMOLITION
a term for both the name of the industry and the process of intentional dismantling and reduction of a
building, or part of a building, without necessarily preserving the integrity of its components or
materials 86.

49. DIFFUSION OPEN
Wind-tightness layers are generally diffusion open (breather membrane or wind tightness layer).
If integrity is achieved, air does not pass through but a minute amount of moisture vapour can87.

It is recommended that the construction should be as vapour diffusion open as possible on the
outside and as vapour diffusion tight as necessary on the inside to minimise condensation risk and
maximise the drying that can occur in the event of moisture entry into the construction 88. Other
retrofit strategies may be appropriate.

50. DISTRICT HEATING (DH)
Is the use of a centralised boiler installation to provide heat for a number of buildings, instead of
individual boilers. This can use heat from only a boiler, or the heat from a combined heat and power
(CHP) plant89. The heat from CHP and other sources of heat can be used to heat buildings by
pumping through well insulated buried piped networks, potentially into hospitals, schools, homes, etc
90.

51. DOWNCYCLE
re-use a product, component or material for a purpose with lower performance requirements than it
originally provided 91. A variation of recycling where the second materials has lower performance
characteristics or value than the original 92.

E

52. ECO-EFFICIENCY
In summary: doing more with less 93; involves increasing the productivity of natural resources 94. This
means choosing the method for production, service, disposal or recovery that makes most ecological
and economic sense, ensuring optimum conservation of resources, minimum emissions and waste
and low overall costs.
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53. EMBODIED CARBON

Carbon emissions associated with energy consumption (embodied energy) and chemical processes
during the manufacture, transportation, assembly, replacements and deconstruction of construction
materials or products. Embodied carbon can be measured from cradle-to-gate, cradle-to-site, cradle-
to-end of construction, cradle-to-grave, or even cradle-to-cradle. The typical embodied carbon
datasets are cradle-to-gate. Embodied carbon is usually expressed in kgCO 2e per kilogram of
product or material 95. See also Embodied Energy.

Discussion can focus on renewable and non-renewable sources of energy throughout the process96.

All the carbon or carbon dioxide used or released in the manufacturer of materials and products or
whole buildings, including that required to harvest, extract, manufacture, refine, process, package,
transport, install and dispose of a particular product or building material.
This includes the carbon or carbon dioxide in the fuel used for heating or cooling processes and also
includes the carbon released in chemical processes used to make the material or products.
Example Carbon Dioxide released converting Calcium Carbonate limestone or chalk into Cement97.

54. EMBODIED ENERGY
The total life cycle energy used in the collection, manufacture, transportation, assembly, recycling
and disposal of a given material or product 98; all the energy required to grow, harvest, extract,
manufacture, refine, process, package, transport, install, maintain, refurbish and dispose of a
particular product or building material 99.
 Measured in mega joules per kilogram (MJ/kg), embodied energy takes into account all the energy
consumed over a defined lifecycle of a material.
Usually from ‘cradle-to-gate‘ which is the extraction of raw materials through to manufacture and
transportation to site. Longer lifecycles can be considered and different boundaries applied such as
‘cradle-to-grave‘ to the end of a materials‘ useful life and ‘cradle-to-cradle‘ representing the complete
cycle beyond end-of-life 100.

The use of materials that are in their most natural state and obtained as locally as possible ensures
the embodied energy is kept to a minimum 101.

55. EMISSIONS FACTOR – FUEL INTENSITY FACTOR
A unique value for scaling emissions to activity data in terms of a standard rate of emissions per unit
of activity (e.g., grams of carbon dioxide emitted per barrel of fossil fuel consumed, or per pound of
product produced) 108.

56. ENERGY AUDIT
An energy audit is the key to a systematic approach to decision-making in the area of energy
management. The primary function of an energy audit is to identify all of the energy streams in a
facility in order to balance total energy input with energy use. The four main objectives of an energy
audit are as follows:

· To establish an energy consumption baseline;
· To quantify energy usage according to its discrete functions;
· To benchmark with similar facilities under similar weather conditions; and
· To identify existing energy cost reduction opportunities. 102



1457. EPBD - ENERGY PERFORMANCE OF BUILDINGS DIRECTIVE
This is the EU’s response to its Kyoto obligations. Each EU member state has to comply with it, but
has the freedom to choose how it will comply. The Directive applies to new and existing buildings
and requires:
• National Calculation Methods (NCM) for assessing the energy performance of buildings: in non-

domestic buildings, Simplified Building Energy Model (SBEM), and for dwellings, Standard
Assessment Procedure (SAP)

• Energy efficiency improvements for large buildings under refurbishment (%1000 m2)
• Energy Performance Certificates (EPC) to be undertaken when properties are offered for sale or

rent; public buildings > 500 m2 to display EPC, to be renewed every year (> 1000m2) or every 10
years >500m2 and & 1000m2)

• Minimum energy performance standards for all buildings.
• Energy Assessor to regularly inspect air-conditioning systems > 12 kW 103

58. EPC - ENERGY PERFORMANCE CERTIFICATE
Much like the multi-coloured sticker on new appliances, EPCs tell us how energy efficient a building
is and give it a rating from A (very efficient) to G (inefficient). EPCs let the person who will use the
building know how costly it will be to heat and light, and what its carbon dioxide emissions are likely
to be. The EPC will also state what the energy-efficiency rating could be if retrofit improvements are
made, and highlights cost-effective ways to achieve a better rating. EPCs are valid for 10 years from
when issued 104.

59. ENERGY EFFICIENCY (EE)
Is using less energy to provide the same level of energy service112; the quest to reduce the amount
of fuel required to heat, cool, light and run a building, compared to standard consumption109. This
can include the extent to which the use of energy is reduced through the way in which buildings are
constructed and arranged on site110.
Energy efficiency is the most important pillar of sustainable design, and is combined with renewable
energy 111.

60. ENERGY/HEAT RECOVERY VENTILATION (MVHR)
is a system that allows air-to-air heat exchange capturing the cooling or heating energy from the
exhaust air before it leaves the building. The system is designed to reduce the energy required to
heat or cool a building by reducing the temperature changes that often occur through ventilation
systems 113. (See: MVHR) 114

61. ENERPHIT - ‘EnerPHit’
Passive House ‘Passivhaus’ Certificate for the retrofit of existing buildings; it is not always possible
to achieve the Passive House Standard (new constructions) for the retrofit of old buildings, even with
adequate funds. For this reason, the “EnerPHit – Quality-Approved Energy Retrofit with Passive
House Components” Certificate can be aimed for instead. It is a deep retrofit, achieving significant
energy savings of between 75% and 90 % in existing buildings, for which the following measures
have proved to be particularly effective (and listed in order of priority):
· improved thermal insulation
· reduction of thermal bridges
· considerably improved airtightness
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· the use of very good quality windows (there is no reason why Passive-House-suitable windows

should not be used whenever the opportunity arises)
· ventilation with highly efficient heat recovery (again, Passive-House-suitable systems are very

recommendable)
· efficient heat generation
· the use of renewable energy sources

These are exactly the same measures that have proved to be successful in new constructions.
A number of examples demonstrating the application of high-efficiency technology in existing
buildings have become available in the meantime.

62. ENVIRONMENTAL PRODUCT DECLARATIONS
EPD is a voluntary document which reports on the Life-Cycle Assessment (LCA) of a product in
accordance with ISO 14025 and includes construction products. It enables comparison of LCA
between products. Grouping of elements are determined by Product Category Rules (PCR) 105.

63. EXTERNAL WALL INSULATION (EWI)
Insulation that is applied to the outside face of a walls of various constructions; it may be a sub-
system of rainscreen cladding, weatherboarding or more frequently associated with render finish 116.

F

64. FABRIC ENERGY EFFICIENCY STANDARDS (FEES)
Fabric energy efficiency standards are performance standards of the building fabric and its
construction elements and are set by regional Building Regulations and are a yearly maximum space
heat demand per m2 floor area 117 or stated as U-values in Wm-2K-1.

65. F-FACTOR
Indicates the risk of surface condensation, the lower the value, the greater the risk. The f-factor is the
temperature factor to prevent surface condensation and mould growth and should be 0.75 for
dwellings and 0.30-0.90 for non-domestic buildings, depending on activities 106. The risk depends
mainly on the surface energy balance and on the moisture content of the ambient air.

21. FUTURE-PROOFING – see ADAPTATION

G

22. GROUND COOLING/HEATING SYSTEM
Central heating and/or cooling system that pumps heat to or from the ground 121.

23. GROUND SOURCE HEAT PUMP (GSHP) – see also AIRSOURCE HEATPUMP (ASHP)
A system that extracts heat from the ground, upgrades it to a higher temperature and releases it
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where required for space and water heating 122. See also ASHP for more detail.

24. G-VALUE - ‘g value’
Measures the degree to which glazing blocks heat from sunlight. The g-value is the fraction of the
heat from the sun that enters through a window and the g-value is expressed as a number between
0 and 1. The lower a glazing’s g-value, the less solar heat it transmits 123 and can help prevent
building overheating frequency in summer (though also reduces winter solar gain).

H

25. HARD TO TREAT (HTT)
Generally applied to pre-1919 (before the first world war) buildings, often with historic fabric and/or
solid brick or stone walls. It means that these buildings often have proven difficult and/or expensive
to retrofit (“hard to treat”).

Solid wall buildings have been given this label, implying that cavity walls are easier to treat. However
cavity walls are easy to get wrong, and just as hard to treat properly, usually they have a 50 mm
cavity, even with the best injectable foamed plastics or blown fibre, insulating an external wall’s
cavity will not provide a good U-value. For cavity walls, also additional insulation will be required
either internally or externally or both for deep retrofits, creating the same problems that solid walls
face. Some of these complications are expanded below:

The complications start with buildings of character and ornate detailing that cannot be covered up,
either by their owners not wanting to or by Planning and heritage not permitting the covering up;
listed buildings and conservation areas usually prevent such covering up.

Listing of buildings is typically to protect the character or detailing usually relating to the external
details and materials, but can also relate to the interior finishes or both and also relates to ornate
door and window surrounds. Then there is a complication when insulating external walls with thick
insulation and not being able to return the same thickness into the windows’ external jambs and
internal reveals without covering some of the doors or windows or preventing them opening fully.

Further complications arise at external surface mounted services like soil, waste and vent pipes and
rainwater gutters and down pipes. These pipes are often made of cast iron on older buildings, cast
iron is brittle and the methods of assembly are historic, available in historic text books but not in
current skill sets. Dismantling in one piece without damaging them, obtaining replacements and new
fittings, reconfiguring them around thick insulation and refitting them is practically impossible. An
alternative is to stop and start the insulation either side, above or below, the services, but this
creates a thermal bridge which will lead to problems.

Other issues occur at party walls if the other party is not insulating at the same time, at ground level
and eaves level where thermal bridges occur across construction. Other external problems occur at
fences, gates, satellite dishes, telephone cables, gas meter boxes, etc. There are standard products
available on the market to solve most of these problems. Changes in appearance of details, relating
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to increases in thickness by the addition of insulation or insulating materials can be prevented, even
if permitted this can be complicated and even result in risky construction relating to condensation,
mould, toxic mould, rot, frost and structural damage. (See: TSB Retrofit for a Future) 125

26. HEAT CAPACITY – THERMAL MASS
More commonly known as ‘thermal mass’, it is the measure of how much heat a material can ‘store’.
Units: J/k 126.

27. HEAT EXCHANGER
a device used to transfer heat, often through coiled tubing, from one fluid to another 127.
Device built for efficient heat transfer from one medium to another 128.

28. HEATING, VENTILATING, AIR-CONDITIONING (HVAC) SYSTEMS
Air conditioning is a system to control the temperature, cleanliness and humidity of the air delivered
within a building. It includes the equipment, distribution systems, and terminals that provide, either
collectively or individually, the processes of heating, ventilating, or air conditioning to a building or
portion of a building 130. If no air conditioning is needed, mechanical 'air handling' or natural
ventilation through openable windows, may be used. These services are designed, and installed by
specialists 129.

29. HEAT LOSS
the amount of heat lost through the building envelope, e.g. walls, roof, floors; around and through
windows, doors, rooflights, by conduction and radiation 131.

Heat loss through building fabric is only part of the story, heat loss is increased by thermal bridges
through thermal insulation and also through gaps in construction through which air can escape
carrying heat 132. See also airtightness.

30. HEAT PUMP
A device that moves heat from a low temperature heat source to a higher temperature heat sink.
Examples include ground source heat pumps, air to air heat pumps, refrigerators and air
conditioners 133. As the heat source cools it transfers heat to the sink which then warms up134.  See
also GSHP and ASHP

31. HEAT RECOVERY
Captures waste heat energy and reuses it by returning it to systems or processes.
This can include heating space and water 136. (See: Heat exchanger)

32. HYGROSCOPIC
refers to a material’s ability to absorb and release water vapour without reducing its thermal
performance; Hygroscopic internal finishes will temporarily absorb some water vapour and later
release it when conditions improve, avoiding the risk of condensation. Internal vapour-permeable
finishes can be useful to even out fluctuations in bathrooms, kitchens, etc. However, this is
insignificant compared to continuous background ventilation through MVHR/MEV or simply opening
windows for purge ventilation 107.
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I

IAQ – Indoor air quality – see Air Quality

33. INTERNAL WALL INSULATION (IWI)
Insulation that is applied to the inside face of external walls of various construction; it may be a sub-
system of plasterboard dry lining, timber board or sheet linings or more frequently associated with
thermal laminates 142.

34. INTERSTITIAL CONDENSATION
Occurs when relatively warm moisture-laden air diffuses into a vapour-permeable material or
structure such as fibrous insulation or a porous brick wall. If it is relatively warm on one side and
below the dew point temperature on the other; this can result in the moisture-laden air reaching ‘dew
point’ within the material and depositing liquid water at this point.
Interstitial condensation presents a problem when it remains undetected, threatening structural
damage such as timber decay, or degrading the effectiveness of insulation 143 or causing mould
growth within the construction cavities (spores of which can transfer to living spaces), affecting
occupant health and well-being.

Depending upon the properties of the materials in the element, particularly absorbent insulating
materials, the moisture could reduce the performance of the insulation or the moisture is absorbed
into the fibres letting the insulation continue to perform. (See: Hygroscopic)

K
35. KILOWATT-HOURS/KILOWATT PEAK/ANNUM (kWh/kWp/annum)

A unit of measure equal to 1,000 watts of power expended for one hour 146.
A unit of electricity, typically what you are charged in, by your electrical supplier 147.
Could also mean the solar irradiation value falling on any geographical area and is used to calculate
how much electricity you can expect to receive from a PV system for example148.

36. K-VALUE ‘k value’ (or λ LAMBDA VALUE)
The k- value, otherwise known as the thermal conductivity or lambda value, of a material to lead to
or to resist heat transfer. When used in reference to insulation, the lower the k-value, the better the
insulation 149. k-values can be obtained from materials from manufacturers’ specification sheets and
from EPDs (see Environmental Product Declarations).
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37. LIFE CYCLE ASSESSMENT (LCA)
Assesses the impacts of a product or operation on the environment throughout its life e.g. from
production and manufacture, operational and maintenance, through to final disposal/demolition 151.
These effects are known as the ‘ecological footprint’ of a product or service. The analysis provides
quantitative data to identify the potential environmental impacts of the material or product on the
environment.

LCA is a process of evaluating the effects that a product has on the environment over the entire
period of its life; Ideally LCAs encompass the entire life cycle of a material, but it is common for
assessments to be made of more limited periods eg ‘cradle-to-gate’ 153 instead of a “cradle-to-grave”
analysis. LCA’s key elements are:
(1) identify and quantify the environmental loads involved; e.g. the energy and raw materials
consumed, the emissions and wastes generated;
(2) evaluate the potential environmental impacts of these loads;
(3) assess the options available for reducing these environmental impacts 152.

LCA is the basis of EPD Environmental Product Declarations and environmental preference methods
for materials selection. (see Environmental Product Declarations) LCA takes account of
environmental impacts over the lifetime of a product, for example the impact arising from mineral
extraction, manufacturing, transport and end-of-life disposal. (See: ISO 14025:2006) 154

38. LOW-E GLAZING
Glass which has a coating on its surface that minimises the amount of heat absorbed by the glass
and which reflects a maximum of heat back into a building 158. By coating the face of the inner pane
of glass with metal or metal oxide, short wave radiation from the sun is permitted to enter the
building, while long wave radiation in the form of heat from the inside is reflected back into the room
157.

M

39. MECHANICAL VENTILATION AND HEAT RECOVERY (MVHR)
A system of ventilating buildings, in which heat is recovered from the exhaust air stream to preheat
the fresh air intake 159. A balanced mechanical whole-house ventilation system where stale air is
removed from wet rooms and fresh air is supplied to habitable rooms. In the ventilation unit, heat is
removed from warm extracted air via a heat exchanger and is used to pre-heat the incoming supply
air 161. The incoming fresh air does not mix with the outgoing stale air but the heat is transferred by
conduction through transparent thin sheets between the two airstreams which are subdivided into
many channels to maximise the heat transfer through many sheets at the same time over a large
surface area all inside a small piece of kit. MVHR with >85% heat recover performance and <100
watts input to comply with Passivhaus accreditation 160.
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The quantity of water contained in a material. The MC of wood is expressed as a percentage ratio of
the amount of water in a piece of wood compared to the oven-dry weight of the wood 162.

41. MOISTURE RESISTANCE
Cement is impervious to moisture and when used in mortar or render can prevent moisture
absorption and release by evaporation from surfaces 163.

N

42. NATURAL VENTILATION
The movement (caused by wind, temperature and air pressure differences) of outdoor air into or
through a building, room or space, through intentionally provided openings, such as windows,
rooflights and doors and non-powered ventilators on more that one side of the building, room or
space 164.

43. NEARLY ZERO ENERGY BUILDING (nZEB)
In accordance with EU EPBD legislation, all new public buildings need to be ‘nearly zero energy
buildings’ (nZEB) from 2018 and all other new buildings from 2020. Each EU member state can
define what nZEB is 108. See also EPDB and ZERO CARBON

44. NET ZERO ENERGY BUILDING
Building where, as a result of its very high level of energy efficiency, the overall annual primary
energy consumption is equal to the energy (produced from renewable energy sources) supplied to
the building 165.

45. NIGHT-TIME VENTILATION
Involves cooling the building structure overnight in order to provide a heat sink during the daytime
when air temperatures peak 166.

O

46. OPERATIONAL CARBON
Carbon emissions’ association with energy consumption (operational energy) while the building is
occupied. This includes the so-called regulated load (e.g. heating, cooling, ventilation, lighting) and
unregulated/plug load (e.g. ICT equipment, cooking and refrigeration appliances) 168.
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47. PASSIVE COOLING
Technologies or design features used to cool buildings without power consumption 169. Thermally
massive building fabric can be exploited not only to remove and store heat but also to remove and
store coolth from the indoor air or specifically directed outdoor air. Thermal mass can therefore be
used to (reduce or) eliminate the need to install mechanical cooling or air conditioning.
This can be done by avoiding the use of suspended ceilings exposes the underside of thermally
massive floors; air passing above a ceiling in a plenum can also exploit the thermal mass of the
structural floor, the same applied to raised access floor voids, risers etc.

48. PASSIVE GAINS
the ability to access light and warmth from the sky and sun, and natural ventilation due to the careful
design of buildings and products or systems 171.

49. PASSIVE SOLAR DESIGN (PSD)
Passive solar design refers to the use of solar energy for the heating and cooling of buildings and
where daylighting is maximised at all times. A design strategy that optimises a building’s form, fabric
and orientation to maximise solar gain from autumn to spring, whilst minimising it during the warmer
part of the summer. Using this approach, the building itself or some part of it will take advantage of
the natural energy in materials and air created by exposure to the sun 172. It is the use of various
design techniques in a building to maximise the amount of the sun’s heat and light entering a
building and therefore reducing the need for mechanical forms of heating. These techniques include
effective orientation of the building, careful consideration of the location and use of rooms within the
building, large south-facing windows, natural solar shading and ventilation, and the use of thermal
mass within the building. Proper consideration to passive solar design can significantly reduce
heating bills174.

50. PASSIVE VENTILATION
Building and parts of them with less acoustic restrictions, opening the perimeter windows can allow
air movement and wind to ventilate the interior, replacing stale humid and hot air with cooler,
cleaner, refreshing air.
Rural buildings have greater opportunity to exploit this natural ventilation, urban areas may have too
much traffic noise and pollution to permit this opportunity.
The wider the floor plates (deep plan offices) the more difficult this becomes, and then passive
ventilation may not be enough; wind driven turrets provide active ventilation and provide sufficient
outdoor air and air change rates, mitigating the need for mechanical ventilation or cooling. (See:
Natural Ventilation)176

51. PASSIVHAUS and PASSIVHAUS STANDARD – see also ENERPHIT for existing buildings
Is a construction standard for all buildings which emphasises high levels of insulation and
airtightness, minimal thermal bridging, use of solar and internal heat gains and controlled ventilation
178. It is a rigorous voluntary standard for energy efficiency in buildings 179. This design standard was
developed for housing but has been adopted for other non-domestic building types, which have
excellent comfort conditions in both winter and summer.
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52. PAYBACK PERIOD

The number of years it takes to recoup an initial investment 185. Whenever we consider installing
renewable energy equipment we are encouraged to consider the pay back period, to put us off
paying for expensive equipment. The pay back period is how long it takes to reclaim the money
spent, in savings in heating or electricity bills. The best payback periods come from cheaper initial
costs with the biggest savings short and long term. Traditional investors want a short payback
period, but in environmental terms the long term returns are important too.
Thermal insulation is a better investment with short payback periods, than renewable energy
equipment. However since the introduction of renewable energy production incentives, payback
periods have reduced and return on investment is strong and long term.
We are never asked about the payback period of other building or landscape items.
We need to start thinking about carbon pay back periods instead of money pay back periods.

53. PERMEABILITY
A measure of the ability of a material to transmit liquids, fluids, moisture vapour or gases. (See:
Vapour Open, Moisture vapour permeability) 189 . Degree to which a fluid can flow through a porous
medium190.

It can also mean the degree to which an area has a variety of pleasant, convenient and safe routes
through it188.

54. PHOTOVOLTAIC THERMAL (PVT or PV-T) - PHOTOVOLTAIC ELECTRICITY
A method of generating electricity using photovoltaic cells, often containing silicon, as service
conductors to collect solar power. In PV-Ts, PVs turn sunlight into electricity,  while a pump removes
the heat below the PV panel to allow the PV to work more efficiently. (PV lose efficiency when hot,
so combining PV with heat recovery can take the heat away and permit the PV to operate at higher
performance. However the heat is often created when the heat is not needed so the heat is often
dumped in the summer months 191, which should always be avoided.

55. PRIMARY ENERGY (PE)
The amount of energy mined or extracted at source; e.g., from coal, oil, natural gas, uranium or
wood while also including losses within processes such as electricity generation and transmission
193. Units: MJ 194

. Energy taking into account the considered transformation losses of the whole
energy chain. For electricity, the primary energy considers the thermal efficiency of the power plant,
and the losses due to the transportation of energy through the network.

56.
R

57. RADIANT HEATING SYSTEM
heating system that transfers heat to objects and surfaces within the heated space primarily (greater
than 50%) by infrared radiation 195.
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58. RECOVERED ENERGY

A characteristic of goods or services that have been made using energy recovered from material or
energy that would have been disposed of as waste but instead has been collected through managed
processes 196. Energy utilised from an energy utilisation system which would otherwise be wasted
(not contributing to a desired end use). Recovered energy may contribute to reduce the energy
required 197.

59. REFURBISHMENT – see also RETROFIT
Any alteration which is intended to improve a building, ranging from redecoration to rearrangement
of partition walls, installation of new building services or lifts, roof or façade replacement, to moving
load-bearing columns or walls 198. See also Retrofit.s

If primarily undertaking energy efficiency measures, this term is increasingly replaced by Retrofit or
Retrofitting, associated with thermal insulation upgrades, airtightness, ventilation with heat recovery,
water saving and recycling and renewable energy systems. (See: Retrofit, EnerPHit)

60. RELATIVE HUMIDITY (RH)
The amount of water vapour that exists in a gaseous mixture of air and water. Relative humidity is
normally expressed as a percentage 200. It is relative humidity due to the difference that air pressure
can make to the level of moisture that can be carried by the air 201.

61. RENEWABLE ENERGY (RE)
Renewable energy is the energy generated from sources that do not require the use of exhaustible
materials (such as fossil fuels) 202. Typical sources are sunlight, wind, rain, tides, and geothermal
heat—which are renewable (naturally replenished) 203. It is energy produced with no
emissions/pollution and no carbon dioxide, but the equipment used probably generated some
emissions and pollution in sourcing, manufacturer and delivery 204. Renewable energy sources are
virtually inexhaustible in duration but limited in the amount of energy that is available per unit of time.
Renewable energy resources include: hydro, geothermal, solar, wind, ocean thermal, wave action,
and tidal action 205. Biomass is often considered as a renewable energy – however this depends on
circumstances – see Biomass.

62. RESILIENCE
Resilient design is defined as the intentional design of buildings, landscapes, communities, and
regions in response to vulnerabilities to disaster and disruption of normal life 109. See also
Adaptation.

63. RETROFIT
Retrofit are refurbishments where energy efficiency and reduction of energy use are a priority; i.e.
not just cosmetic or space planning alterations to existing buildings. DEEP RETROFITS refer to at
least 75-80% energy and/or carbon reductions achieved. ‘Deep retrofits’ are more robust to occupant
behaviour and their impact on energy use, than if a dwelling has a ‘shallow’ retrofit. It is a sounder
way of achieving energy reductions, regardless of occupant behaviour post-retrofit 110.
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64. SEQUESTRATION (OF CARBON)

Removal of greenhouse gases from the atmosphere by photosynthesis, or technological measures
through storage in a carbon sink 211. Types of sequestration include ‘geological’ where CO2 is
captured and buried underground and ‘biological’ where CO2 is absorbed during the growth of plants
and trees 210. See also Carbon Sequestration.

65. SICK BUILDING SYNDROME
Non-specific symptoms that can temporarily affect some building occupants while in a building and
diminish or go when they leave the building 111. Building occupants experience acute health and
comfort related symptoms which appear to be linked to time spent in a building, but no specific
illness or cause can be identified 112.

66. SOLAR GAIN
direct solar radiation from the sun’s rays passing through windows, rooflights and glazed areas to
provide warmth to rooms and spaces. Optimal gains come from south to south-west facing glazed
areas 212. Solar gain is heat absorbed through direct transmission through glazing (primary
transmittance). Energy is also absorbed by the glazing and subsequently transferred inwards by
convection and radiation (secondary transmittance) 213.

67. SOLAR HEAT GAIN COEFFICIENT (SHGC)
Is the ratio of the solar heat gain entering the space through the fenestration area to the incident
solar radiation available. Solar heat gain includes directly transmitted solar heat and absorbed solar
radiation, which is then reradiated, conducted, or convected into the space 214.
It is the USA equivalent of g-value (See: g-value)

68. SOLAR RADIATION
Is the energy carrying electromagnetic radiation emitted by the sun 217 and it is also referred to as
short-wave radiation. This radiation is then selectively converted by fauna and flora and other
physical interactions and chemical reactions to convert that radiation and other materials to other
forms of energy and other materials. This supports life on earth 218. This can be utilised to freely heat
spaces in winter; though care needs to be taken to avoid summer overheating - see Solar Gain and
Solar Shading.

69. SOLAR SHADING
Are system which controls the amount of heat and light admitted to a building, permitting users to
control heat gains from the sun 220. Summer sun is both very bright and very hot; and can provide
free heat in winter, which is desirable in many buildings (but not all, such as a gym for example).
When sun enters buildings through windows and rooflights or glazed doors it can cause glare and
overheating, discomfort or difficult working conditions for the occupants, especially in summer (or
where occupants cannot control shading on their desk for example). The windows doors and
rooflights can be protected from the sun’s rays by shading devices both internally and externally,
internal blinds and curtains can stop the light but let some of the heat into the building so external
shading is more effective as it can stop the heat outside as well. Shading can be designed to permit
the passage of winter sunlight which can beneficially heat the building during the heating season but
exclude the summer sunlight 219.
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70. SOLAR THERMAL (ST)

This often refers to hot water systems that are heated by solar energy221. See: Solar thermal hot
water heating.

71. SOLAR THERMAL HOT WATER HEATING (ST)
Similar to PV but employing a water based refrigerant heated by the sun’s rays, which is then
pumped to a twin coil hot water cylinder through the top coil, to provide domestic hot water.
A suitably sizes south facing solar thermal hot water heating system can provide approximately 80%
of all domestic hot water requirements. This the most readily accessible renewable energy source by
the general public. See: also PV-T

72. STANDARD ASSESSMENT PROCEDURE (SAP) RATING (UK Specific)
The SAP rating is the ‘Standard Assessment Procedure’ which provides an indication of the overall
energy efficiency of a dwelling. A SAP Assessment is the UK national method for the calculation of
the energy performance of buildings – see EPBD. It is used to demonstrate compliance with Building
Regulations Approved Document L “Part L” for use of energy in buildings 225. SAP measures the
heating and hot water yearly cost for a building, stated in a scale of 0 – 120 226, where the higher the
number, the better the performance 227 and if over 100, it is a net exporter of energy.

It is poor at modelling anything other than simple new build buildings without complex low energy
features, though RdSAP (Reduced SAP) is used for refurbishments.

T
73. THERMAL BARRIER

Term used to describe when flow of heat is restricted or slowed, sccomplished through insulation
and thermal breaks 231. See Thermal Break.

74. THERMAL BREAK
Is an element of low thermal conductivity placed in an assembly to reduce or prevent the flow of
thermal energy between conductive materials. Unwanted heat loss or gain occurs due to conduction
through a thermal bridge through thermal insulation and through thermally conductive materials. To
reduce or prevent this heat loss or gain a thermal break is included in the construction in place of the
thermal bridge. A typical example would be that found in a metal window frame to reduce the
conduction of heat from the outside to the inside 232.

Thermal breaks need to have greater thermal resistance or lower thermal conductivity than the
thermal bridge and ideally by a considerable margin. Thermal breaks are used in window sections,
external doors, curtain walling, at floor edges and between floors and cantilevered balconies.
For building retrofit, an extensive set of components are needed for external solid wall insulation with
rendered finish to address the thermal bridges created around windows, doors, externally mounted
services, gutters, pipes and many other abutments 233.

75. THERMAL BRIDGE
A thermal bridge is heat loss through a localized area where the primary insulation layer is
significantly interrupted or reduced. Unwanted heat loss or heat gain occurs due to conduction
through a material. This can lead to significant energy losses and may also result in the build up of
condensation. A thermal bridge is a thermally conductive material which penetrates or bypasses an
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insulation system; such as a wall tie, metal fastener, concrete beam, slab or column. Another
example of thermal bridging is heat loss that occurs due to metal wall ties or steel framing that is
insufficiently insulated between areas of temperature differences e.g. the internal and external
environment 235. Previously known as a cold bridge, but from the outside an ‘anomaly’ in an IRT
survey will be a ‘hot spot’ and from inside it will be a ‘cold spot’, hence thermal bridge.

Thermal bridging lowers the overall thermal insulation of the structure by creating areas where heat
loss is greater in one area than it is for another; the effect is to reduce the overall U value of the
construction element. The heat loss per unit length of thermal bridge is known as the Ψ-(psi) value
and is measure in W/mK236.

Thermal bridges become more significant where the building fabric has been upgraded and is
difficult but not impossible to treat in solid wall insulation (SWI). Their impact becomes more
significant when the building’s U-value is improved generally but the thermal bridge remains
unresolved.

Effects of thermal bridges:
· Rise in heat energy demand
· Indoor surfaces at lower winter temperatures
· Increased risk of surface condensation
· Risk of damages to building units, leading to vacancies & rehousing costs
· Danger of mildew, causing serious health threats, potential litigation
· Complaints, withheld payments, reputation damage 238

76. THERMAL COMFORT
Condition of mind which expresses satisfaction with the thermal environment 240.

77. THERMAL CONDUCTIVITY (k-VALUE)
A measure of the rate at which heat is conducted through a particular material under specified
conditions 242. (unit: W/mK)

78. THERMAL ENVELOPE
The insulated external fabric of the building243.

79. THERMAL FLANKING
Where heat may take a longer route around insulating construction via a thermal bridge or void 245.

80. THERMAL MASS
Capacity of a material to store heat252. The mass of a building that can retain heat from the sun or
other radient heat sources, e.g. the walls and floors of a building. Materials with mass heat capacity
and surface area are capable of affecting building loads by storing and releasing heat as the interior
and/or exterior temperature and radiant conditions fluctuate. Buildings constructed of dense
materials, such as bricks or concrete, have a better thermal mass than lightweight buildings, such as
timber 247. Materials with high thermal mass include masonry, rock and water. These materials are
capable of absorbing and retaining heat e.g. from the sun or other radiant heat sources, and slowly
releasing the heat back into the building when internal space air temperature falls 248.Thermal mass
can be added to timber frame by use of dense materials or PCM phase change material as wall and
ceiling linings.
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The thermal mass in the building elements must be exposed to enable its abilities to be put to use.;
for example carpets on underlay on a concrete floor act like thermal insulation preventing solar gains
being absorbed and later released. Contrary to this, linoleum flooring is thin and dense enough not to
interfere with heat transferring into the concrete slab or being released later 249.

Large surface areas of relatively thin, dense internal clay plasters or cement renders can provide
thermal mass at the surface to help store passive heat gains 250. Thermal mass can be used
effectively to absorb daytime heat gains (reducing cooling load) and release the heat during the night
(reducing heat load), thereby maintaining a constant level of comfort through stable temperatures;
but night-time cooling is essential to help reduce heat build up in spaces. See Night Cooling.

The quality of thermal mass is usually described in terms of ‘admittance’; admittance is the ability of
a material or construction such as a wall to exchange heat with the environment when subjected to a
simple cyclic variation in temperature. For buildings, this is 24 hours. Admittance is measured in
W/m2K, where temperature (K) is the difference between the mean daily value and actual value
within the space at a specific point in time. Key variables that determine admittance are thermal
capacity, conductivity, density and surface resistance.

81. THERMAL RESISTANCE (R-VALUE)
Thermal resistance is measure of a component’s ability to restrict the passage of heat across its
thickness255. The R value is calculated by combining the lamda value (thermal conductivity, or ‘k
value’) and the thickness of the material. This is the reciprocal of a U-value and of the time rate of
heat flow through a unit area induced by a unit temperature difference between two defined surfaces
of material or construction under steady-state conditions, in m2K/W 253.
Hence R=t/λ, where ‘t’ is the thickness.

Used in connection with insulation, the higher the R-value, the more effective the insulation.
The R value is used to calculate the U value (see below) 254.

U
82. UNINTENDED CONSEQUENCES

Unintended consequences, which are unintended results that were not foreseen and usually refers
to negative effects which can occur as a result of retrofit. This can include increased energy bills, a
performance gap, air-quality issues, fabric damage (mould growth, timber rot etc.). Unintended
consequences should obviously be avoided.

83. U-VALUE (THERMAL TRANSMITTANCE)
The U-value is the measurement used to express the thermal performance of a material.
The lower the U-value, the less heat is transmitted through the material.
The U-value is a measure of the rate of heat loss (measured in Watts) per unit of surface area
(measured in square meters) for a temperature differential of 1 degree Kelvin (K) on either side of
the material, hence W/m2K 256. Elements of construction are made up of numerous materials of
different thicknesses and different insulating characteristics, even air spaces within the layers and at
the surface of the elements have insulating characteristics. Surface resistances, material thermal
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resistances and thicknesses are multiplied, totalled up and inverted to give a U-value which is used
by designers to show compliance with the Building Regulations and to determine how big boilers and
radiators need to be, to warm the building and occupants. The lower the U value the less energy is
needed to heat the building and the lower the CO2 emissions 257.

The Building Regulations usually dictate the maximum U-value (or R-value) of elements of buildings,
designers can and should improve on these minimum  standards, as they are the minimum
standards, not exemplary standards that we should be building and retrofitting to 260.

V
84. VAPOUR BARRIER

Any material that restricts the flow of moisture vapour; a construction material impervious to the flow
of moisture and air. Used to prevent condensation around insulation in buildings263. In hot climates, a
vapour barrier would be installed on the exterior surface and in cold climates on the interior surface
262.

85. VAPOUR PERMEABLE
Can transfer moisture vapour from one side to the other of the building element, through the
materials 265.

W

86. WHOLE LIFE COSTING (WLC)
Several definitions of WLC exist. At its most basic, WLC includes the systematic consideration of all
costs and revenues associated with the acquisition, use and maintenance and disposal of an asset
266. This includes Life-cycle costing (LCC), which specifically looks at the costs associated with the
construction, operation and maintenance (and dismantling) of the building.

Y

87. y-VALUE
A notional additional U-value, spread uniformly over the whole thermal envelope 269.

Z
88. ZERO CARBON BUILDING – NEARLY ZERO ENERGY BUILDING (nZEB)

Is a building where, annually, there are no net carbon emissions resulting from the operation of the
building: designing of a building with an annual zero net energy consumption and zero carbon
emissions271. In practice, different views are taken as to the degree of autonomy the definition of
‘Zero Carbon’ refers to. For example, does the energy consumed need to be generated from on-site
renewable technologies, or can this include off-site generation to various degrees and remoteness of
source? Usually zero carbon building definitions exclude the carbon generated in the construction of
a building 270. See NZEB (nearly Zero carbon Building)
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This glossary is based on (and with permission from) Brian Murphy’s GBE Jargon Buster -
http://greenbuildingencyclopaedia.uk and Dr Sofie Pelsmakers’ The Environmental Design Pocketbook
(http://www.environmentaldesignpocketbook.com). Adapted by Dr Sofie Pelsmakers and Azlizawati
Ibrahim. For additional sources, see at the end of the document.
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and NGS Ltd.)
· BS 7543 1992
· Voluntary Arts Network (VAN) Arts Facilities: Preliminary Guidance, VAN Cardiff 1994
· Potter, M. Planning to Build A Practical Introduction to the Construction Process, CIRIA London 1995
· Database for use in School Projects Cherrington ‘97
· Construction Industry Board (CIB) Constructing Success Thomas Telford, London, 1997
· Barrett. P., and Stanley, C., Better Construction Briefing, Blackwells Science, Oxford, 1999
· SEDA Scottish Environmental Design Association: http://www.seda.uk.net/design_guides.html design and

detailing for airtightness http://seda.uk.net/design_and_detailing_for_airtightness.html design and detailing
for deconstruction, http://seda.uk.net/design_and_detailing_for_deconstruction.html design and detailing for
toxic chemical reduction in buildings http://www.seda.uk.net/toxic_chemical_reduction_in_buildings.html

· Peterborough Residential Design Guide circa 2000
· DCMS, Better Public Buildings – a proud legacy for the future, HMSO PP340, London October 2000
· RIBA, Clients Guide to Engaging an Architect – including guidance on fees, RIBA, London - updated April

2000
· RIBA, The Architect's Plan of Work – for the procurement of feasibility studies, a fully designed building

project, employers requirements or contractors proposals, RIBA publications 2000
· EC Guidelines for the Assessment of Environmental Claims 2000 (EC GAEC ISO 14021 2000)
· Hyams, D., Construction Companion – Briefing, RIBA Publications London 2001
· OCC Gateway to Success, Crown copyright 2001
· AEA consulting Ltd. Arts Council of England Capital Services Department Training, Unpublished document

March 2001
· Arts Council of England, Applying to the Arts Council of England for Funding , Arts Council of England Nov.

2001
· Blyth, A., and Worthington, J. Managing The Brief For Better Design, Spon Press, London 2001
· Arts Council of England Capital Services, Guidance Notes for the Arts Capital Programme Development Plan

London 2001-2
· Arts Council of England, Capital Services, Access Guidance Notes for the Arts Capital Programme, London

2001-2
· CABE, Design Review, Commission for Architecture & the Built Environment, London 2002
· NaturePlus 2002
· CABE Client Guide for ACP Projects 1st Edition May 2002
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· Creating Excellent Buildings, A Guide for Clients, CABE 2003 www.cabe.org.uk
· United Nations Framework Convention on Climate Change (UNFCCC) (Ford-Robertson, 2003)
· The Product, Functional Unit and Reference Flows in LCA, Environmental News No. 70 2004, DEPA
· In general, conformity with the terminology of the ISO standards (the 14040-series) has been sought.
· BRE IP 2/05 Modelling and Controlling Interstitial Condensation in Buildings. 2005
· UNEP See: Environment and Trade — A Handbook 2005
· Sustainable Design and Construction March 2005
· The London Plan (Spatial Development Strategy for Greater London) Draft Supplementary Planning

Guidance 2005
· Elma Durmisevic Transformable Building Structures 2006
· Building Energy Glossary ‘06
· DANTES Demonstrate And Assess New Tools For Environmental Sustainability ‘05-‘06

http://www.dantes.info/index.htm
· Australian Carpet Classification Scheme GECA 07-2006
· Energy Star 2007

Ecos Trust: http://www.ecostrust.org.uk/jcms/ Printed newsletter Renews 17
· Hastoe HA Housing Association website: http://www.greenstreet.org.uk  (site no longer exists)
· CIRIA Guide RP656 Design for Deconstruction Bill Addis
· Critique of BRE Green Guide (’08) NGS and ASBP
· ERFMI LCA publication 2008
· UKWAS 2008
· GreenSpec Glossary: http://www.greenspec.co.uk/html/glossary/glossary-index.html

Ecological Building Systems & Ired: Specifications:
· NGS P14 (Making airtight) 2009,
· NGS A94 (Testing Airtightness) 2009
· NGS A95 (Infra-red Thermographic Surveys) 2009
· NGS & BCT Bat Conservation Trust: Biodiversity & Low to Zero Carbon Building 2010
· Builder Hampshire Directory ’10 http://builder.hampshire-dir.co.uk/BuildingJargon.aspx
· NGS and Ska Ratings EAM (Ska ’09 and NGS ’10)
· NGS, RDE & JGA meeting (NGS ’10)
· NGS, BLP, HAPM, BPG, CLM 2010
· EIA Glossary USA (date?)
· HSE website REACH regulations 2010
· E Colomba (LCA Specialist 2010)
· CRR (2010)
· NGS and John Bullock Lighting Design
· John Laing PPP & PFI
· Children and young people involvement in formal meetings; a practical guide by (Participation Works

Partnership)enquiries@participationworks.org.uk or 0207 843 6803.
· EU SME publication 2011
· (REGULATION (EU) No 305/2011)
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· NGS & CAP’EM project definitions 2010
· Passipedia 2011
· 2011 Guardian News and Media Limited
· 2 Degrees 2011
· http://i.2degrees.info/CmpDoc/2008/4840/52865_essentials.greendeal.dm.edit.pdf
· BBA 2011
· Power of the Sun Photovoltaic energy BPVA 2011
· Glossary of Engineering Technology (via a student, source unknown; humour)
· European Economic and Social Committee (EESC) 2011 Catalogue No.: EESC-2011-01
· EN/FR/DE/ES 2012
· RICS draft information paper - Methodology for the calculation of embodied carbon as part of the life cycle

carbon emissions for a building 2012
https://consultations.rics.org/consult.ti/embodied_carbon/viewCompoundDoc?docid=2598132&sessionid=&v
oteid=&partId=2598228

· CPA Guidance Note on the Construction Products Regulations Version 1 ’12
Enviroform Solutions Ltd PPT 2012

· NHS National Health Service , HIS Health Information Systems, Design Guides
http://www.dh.gov.uk/en/Publicationsandstatistics/DH_4118956
© NHBC Foundation. July 2012 Understanding overheating – where to start. Written and published by
Richards Partington Architects on behalf of the NHBC Foundation ISBN 978-1-84806-279-5

· Lafarge Biodiversity Guidance.pdf October 2012
· http://www.ted.com/talks/lang/en/britta_riley_a_garden_in_my_apartment.html
· http://www.epa.gov/climatechange/glossary.html 2012 (USA)
· IPCC Third Assessment Report Working Group I: The Scientific Basis
· IPCC Third Assessment Report Working Group III: Mitigation
· NASA's Earth Observatory library 
· UNFCCC glossaries
· Energy Information Administration's Energy Glossary 
· IPCC Third Assessment Report Working Group II: Impacts, Adaptation and Vulnerability 
· Energy Information Administration's Energy Efficiency Glossary 
· IPCC Fourth Assessment Report Working Group II: Impacts, Adaptation, and Vulnerability 
· FEMA Extreme Heat Glossary 
· US Climate Change Science Program. Coastal Sensitivity to Sea Level Rise: A Focus on the Mid-Atlantic

Region 
· National Weather Service Glossary 
· UN LDC criteria 
· IPCC Fourth Assessment Report Working Group 1: The Physical Science Basis  
· EPA Heat Island Effect Glossary 
· US Climate Change Science Program. Preliminary Review of Adaptation Options for Climate Sensitive

Ecosystems and Resources
· http://www.epa.gov/epahome/exitepa.htm
· http://ec.europa.eu/environment/archives/jrec/glossary_en.htm (2013)
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· JREC JOHANNESBURG RENEWABLE ENERGY COALITION 2013
· Working with Nature: Biodiversity Guidance for Lafarge Sites 2013
· Social Return on Investment www.thesroinetwork.org 2013
· Planning Portal Glossary www.planningportal.gov.uk
· CAP’EM Compass Jargon Buster (PRé 2013)
· (NBS National BIM Report ’14)
· CFJ Article Alan Best
· NHBC Understanding_Overheating-Where_to_Start_NF44.pdf
· Material Safety Data Sheets
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