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The challenge with buildings is to prevent them leaking heat, to reduce and remove the carbon that is emitted in the process of their construction and to reduce and remove polluting materials.
New builds
All new buildings should be constructed with very high levels of operational thermal performance (they should be built to leak very little heat). To do this building standards must quickly be upgraded. Many people are familiar with the 'Passivhaus' standard: this is sometimes used as a shorthand for 'energy neutral' houses (which produce as much energy as they consume in heating). However, Passivhaus standards have been widely criticised for focussing too much on operational energy performance and not taking into account 'embedded carbon' – the environmental impact of the building materials and construction. A 'passivhaus' is required to be wrapped in a plastic membrane and have a mechanical ventilation system installed, and can contain many unhealthy and harmful materials such as steel, concrete and plastic. The Passivhaus standard is based on achieving a space heating performance of 15 kWh/m2/yr (each square meter of a house will require no more than 15 kWh of heat per year) and this should be the sort of thermal performance of all new-build houses and other buildings in Scotland. However, this be achieved in other ways, using almost exclusively healthy and organic materials most of which can be sourced in Scotland 

As soon as the Common Home Plan is agreed, all new houses must be ready for district heating – unless they are 'Energy Neutral' so require no net heating. All new housing developments must include the infrastructure for district heating, even if a primary ring main is not yet available in that area (see Heating). New-build houses which are off the future heating grid must be built with renewable heating systems installed.

One of the best ways to reduce the embedded carbon of a building is to ensure it has a long lifespan. Many of today's buildings are built to low quality standards and have a short planned lifecycle – they will be knocked down and the land redeveloped in the near future. This is incredibly harmful  and no buildings should be designed with anything less than  a 60-year projected lifecycle (and most should aim for 100 years and more). In addition, new-build activity should be reduced altogether through a strategy of 'repair and renovate first' – existing buildings have already embedded the carbon of construction, so unless there are very specific reasons should always be renovated rather than demolished. Where demolition is unavoidable materials should be recycled.

Achieving this will require three major areas of action.  One is regulation – all of the above requirements must be impelled by law. The second is developing domestic supply chains. This will 

require investment in forestry and wood processing facilities (see Land) and in recycling plants (see Resources). The third is training (see Learning) to support the construction industry in adapting 

and in learning new building techniques.

[Upgrading] Existing housing stock
There are approximately 2.5 million households in Scotland at varying degrees of energy efficiency and with a wide range of technical issues to be addressed. Achieving maximal thermal performance is likely to be unachievable in many houses and in many where it might be technically achievable, getting the last ten per cent or so of efficiency may be so expensive as to be prohibitive. The PassivHaus' equivalent standard for existing homes is known as 'EnerPHit'. It assumes a thermal performance of 25 kWh/m2/yr, an 85 per cent reduction in current average heating requirement – and where this is achievable it is certainly desirable. Also, if zero-carbon heating infrastructure is in place (see Heating), the need to achieve that last ten per cent of efficiency is not so tightly constrained by the cost involved. A target of between 70 – 90 per cent efficiency should therefore be set, with most houses aiming to achieve the higher end of that scale.

In most cases this will involve little more than basic installations. One of the major problems is insufficient insulation in the loft and this should be the first priority. After that, 40 per cent of heat loss is through draughts and draught-proofing should be the second priority. Less heat is lost directly through walls (other than through draughts) but in some cases it may be worth installing cavity wall insulation. Replacing all single glazing and repairing old window frames and some electrical replacements such as changing any non-LED lighting would also be effective in the vast majority of houses. Together, these strategies could meet the target energy efficiency.

By looking at similar installations, we know that a team of ten people can complete about 100 houses in a year. Central planning and project management must be added to total work-hours, but the efficiencies of scale of doing this at a national level means that completing a target 60,000 installations a year in the early years would be achieved with a workforce of approximately 6,000 people. Roughly ten per cent of these jobs would be at managerial and senior technical level, about 30 per cent at skilled trades level (particularly joiners and electricians) and the remainder semi-skilled (trained on installation of insulation and draught-proofing).

The input materials would primarily be insulation materials and various tapes and membranes for draught-proofing. The insulation materials should overwhelmingly be wood-based such as fibreboard or spray cellulose and given the scale and time commitment supply chains must be developed which allow the vast bulk of manufacturing to take place in Scotland since these 

are bulky materials to transport. Existing Scottish companies also have the capacity to produce tapes and membranes. It is difficult the assess the amount of glass and other materials required 

but the scale of purchase would give Scotland a strong hand during procurement.

The cost per building will vary greatly depending on current energy efficiency performance and the nature of the construction of the building. An average of about £15,000 per property is a fairly reliable guide estimate. The total cost for Scotland would therefore be around £35bn - £40bn.

This cannot be dealt with on a market-pricing basis and so must be centrally funded, planned and delivered, and it must be coordinated very closely with the installation of zero-carbon heating (see Heating). A National Housing Company must be set up to undertake this work. Supply of skilled labour will be a major issue in the early years, and extensive training of a new skilled workforce must also be a priority.

