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summar y points

Eco-towns can be beacons of best pr actice in new z ero carbon
development — cr eating communities that ar e environmentally , socially
and economically sound. Eco-towns should be ex emplar dev elopments
in terms of ef fectiv e approaches to the holistic pr ovision of ener gy and
other services, and the y should dr aw fr om the lat est advances in
promising lo w and z ero carbon t echnologies in the UK and ar ound the
globe, as highlight ed in this Worksheet and the case st udies it pr esents.

A major adv antag e of eco-t owns is that lo w and z ero carbon solutions
can be laid do wn acr oss a whole t own, so that individual buildings can
be incor porated in combined solutions, rather than eac h building being
developed in isolation. As new, link ed settlements of 5,0 00-20,000
homes and with a g ood range of associat ed facilities — sc hools,
community and commer cial buildings, and public and gr een spaces —
eco-towns pr ovide the scope and scale t o allow dev elopers t o convert
inno vation int o cost-ef fectiv e products and become mar ket-leaders in
the zero carbon housing mar ket. Eco-towns should be ex emplar in
terms of supplying ener gy efficiently , promoting r enew able ener gy
generation and minimising ener gy consumption thr oughout the y ear,
and the y should demonstr ate how planning can mak e a significant and
positiv e difference to contr olling carbon emissions. To achiev e this
goal, carbon awareness — an understanding of the r elationship

betw een development decisions, energy use and carbon emissions —
should be high thr oughout the planning and design pr  ocesses.

Eco-towns as a whole must be z ero carbon. This Worksheet looks at
what that means and explor es the principles of dev eloping a z ero
carbon str ategy for an eco-t own. This guidance is int ended not just f or
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eco-town dev elopers and planners, but also f or those who will
manag e the new set tlements and w ork with the new communities.

Key points and r ecommendations:

The zero carbon g oal: Zero carbon in eco-towns means that o ver a
year the net carbon dio xide emissions from all energy use within the
buildings in the eco-town development as a whole are z  ero or below .

Definition of z ero carbon homes: The Government’ s definition of a
zero carbon home is one whose net carbon dio  xide emissions,
taking account of emissions associated with all energy use in the
home, is z ero or neg ative across the year . It is based on a

hierarc hical approac h to carbon savings (see the Depar tment for
Communities and L ocal Government’ s Definition of Zero Carbon
Homes and Non-domestic Buildings — Consultation ), through:
energy ef ficiency; on-site generation and connected heat (‘carbon
compliance "); and ‘a range of measures that can be under taken in
the locality or potentially fur  ther afield’ to co ver remaining ‘residual
emissions ’ (‘allow able solutions ). The net emissions of a z ero carbon
home, taking account of its energy ef ficiency and on-site energy
supply (including, where relevant, connections to heat networks)

will meet a minimum ‘carbon compliance  ’ standard of 70 per cent —
in effect a regulatory level of carbon reduction to be ac  hieved on-
site compared with today’ s regulations. The Government has set up
a specialist task group, repor ting to the Minister of State for Housing,
to examine the energy ef ficiency metrics and standards whic h will
realise the Go vernment’ s ambition of ensuring a minimum practical
energy ef ficiency level realisable in all dwelling types.  The minimum
energy ef ficiency level can be exceeded through the best building
fabric standards allied with low energy lights and appliances. The
Government is also under taking fur ther work to consider the
practical ar rangements that will permit allow  able solutions to be put
in place and to ensure that the standards are ac  hieved in practice. As
part of the approac h to achieving z ero carbon homes in eco-towns,
allow able solutions will be permit ted as long as an y allow able
solutions are ¢ hosen from the of ficial list, when finalised, and are
also consistent with the requirements of the Eco-T  owns PPS.

Scope of emissions co vered by the z ero carbon g oal: The zero
carbon goal applies to carbon emissions arising from energy use in:
homes (including cooking and appliances); non-domestic buildings
(including reasonable allow ance for ‘unregulated emissions ’); and
public spaces and structures in the completed development (for
example car parks). It excludes * embodied carbon ’ emissions in
construction materials and emissions from ongoing transpor t and
consumption of goods and services. P romoter s and planner s are
encouraged to apply good practice in sustainable sourcing of
materials and the use of products that sequester carbon.

Developing a z ero carbon str ategy: Carbon aw areness — an
under standing of the relationship between development decisions,
energy use and carbon emissions — should be high throughout the
planning and design processes. Development and refinement of the



zero carbon strategy should tak e account of , and where necessary
identify and resolve conflicts between: application of the hierarc hical
approac h to achieving z ero carbon; an under standing of both

upfront capital costs and whole-life cost-ef  fecti veness of carbon-
saving options; and the oppor tunities and constraints of alternati  ve
methods of financing the ac hievement of the z ero carbon goal.

Principles f or low ener gy, low carbon buildings:  Applying the
following principles o ver the lifetime of a building contributes to
reducing energy use and residual carbon emissions: reduce
demand by building the highest-quality fabric; meet end-use
demand using ef ficient systems; supply energy from decentralised
‘low and z ero carbon ’ energy sources; and enable ongoing
management of energy demand and on-site systems, including
those that are building-integrated.

Design c halleng es: The eco-town masterplan, building designs and
the zero carbon strategy will need to of fer an integrated solution to
multiple ¢ hallenges, including, for example: design for reduced
energy demand and for comfor t and climate ¢ hange adaptability;
flexibility to integrate future low carbon tec  hnique s/technologies;
and av oidance of spending on redundant ‘future-proofing’

Operational and manag ement c halleng es: Eco-towns are lik ely to
need one or more org anisations to tak e ongoing responsibility for
operating and maintaining central generating equipment and
distribution network(s) on-site, and preferably to also maintain

renew able energy systems and ef ficient tec hnologies that are built
into indi vidual homes and non-domestic buildings. A holistic
strategy would extend the role of suc h org anisations to suppor ting
low carbon lifestyles and low carbon business operation in the
emerging eco-town.

Financing: Capital costs should not be allowed to become the sole
decision-making dri ver of the z ero carbon strategy . This points

tow ards financing models that can of fset the upfront capital costs of
low carbon development ag ainst future incomes and benefits.

Links with other Eco-t owns Worksheets: The issues addressed in
this Worksheet are par ticularly related to, and should be read in
conjunction with, those in the Eco-towns Housing, Waste
Management, Transpor t and Green Infrastructure Worksheets.

Impor tant t erms and concepts:

Zero carbon and lo w carbon t echnologies: Depending on the
technology used, generating energy — whether electricity or heat —
will produce carbon emissions, either directly through combustion

or indirectly through the manufacture of the equipment itself or
through the transpor t of fuel. Technologies suc h as photo voltaics,
biomass, wind and h ydro power produce very low levels of carbon
emissions relati ve to energy produced directly from fossil fuels, and
can be thought of as ‘low or z ero carbon tec hnologies . Efficient
ground and air source heat pumps are considered low or z  ero
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carbon tec hnologies. They draw some electricity to power the

pumps, and as a result their carbon intensity will be dependent on

the carbon intensity of the source of the electricity — usually the

grid. With the expected future decline in the carbon intensity of grid
electricity , the carbon intensity of heat pumps will also decline.
Finally, some solutions, suc h as gas-fired CHP (combined heat and
power), are considered low carbon solutions but still have associated
direct carbon emissions. Bio-energy is of ten treated as being ‘z ero
carbon’ across its whole lifecycle, but for most calculations in the

housing and building sector it has a very low but defined * emissions
factor * whic h will depend on the type of fuel being used (transpor t
of fuel has only a small impact on the level of carbon intensity). The

use of zero and low carbon tec hnologies for energy generation can
give rise to ‘residual emissions ’ whic h must then be dealt with
through ‘allow able solutions ' to achieve the net z ero carbon goal. F or
example, these solutions may include expor ting excess electricity
generated from community -scale energy projects bac k to the grid.

Renew able t echnologies (r enew ables): Renew ables have been
defined most recently by the European Union  ’'s Renew able Energy
Directi ve of 20 09. Lists of renew ables commonly include both z ero
carbon tec hnologies and low carbon tec hnologies that use

renew able energy sources — for example biomass heating/CHP and
energy from w aste (whic h use biomass) and ef ficient heat pumps
(whic h can use heat from the ground, air or bodies of w  ater).

Residual emissions, allowable solutions and net z ero carbon: The
Government’ s definition of z ero carbon homes recognises that the
requirement will rarely be ac hieved through energy ef ficiency
measures and on-site z ero carbon tec hnologies alone. Most
developments will gi ve rise to residual emissions from burning
biomass, from g as CHR from heat pumps, etc., as well as froman vy
other remaining demand for g as and grid electricity not supplied

from on-site low and z ero carbon tec hnologies. The Government has
therefore set the cur rent level for on-site carbon mitig  ation at 70 per
cent of regulated energy use, whic h is both ambitious and

technically ac hievable. Any carbon not mitig ated on-site will be dealt
with through a range of good-quality allow  able solutions. The
Government is cur rently under taking fur ther work to consider the
practical ar rangements that will permit allow  able solutions to be put
in place and to ensure that the standards are ac  hieved in practice.
As part of the approac h to achieving z ero carbon homes in eco-towns,
allow able solutions will be permit ted as long as an y allow able
solutions are ¢ hosen from the of ficial list, when finalised, and are
also consistent with the requirements of the Eco-T  owns PPS.

Brief definitions of other specialist terms are pro  vided in the glossary
in Annex 1.

Developing Ener gy Efficient and Zero Carbon Stra teg ies for
Eco-to wns:

Eco-to wns Ener gy Wor ksheet

Advice to Promoter s and Planner s
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Introduction

Since December 2006 the Government has progressively introduced and developed
policies to require all new homes and schools to be zero carbon from 2016 and all new
non-domestic buildings to be zero carbon from 2019. Coupled with the Government
targets of delivering 2 million homes by 2016 and 3 million by 2020, this represents a
set of challenges for the future of the built environment in the UK. All this is now set
against the backdrop of legally binding targets to reduce UK greenhouse gas emissions
by 26 per cent by 2020 and at least 80 per cent by 2050 against a 1990 baseline, as
required by the Climate Change Act 2008.1

The development of eco-towns presents a great opportunity to achieve targets for zero
carbon buildings and go beyond them in the most cost-ef fective and sustainable
manner by achieving zero carbon at the town scale. It provides an incentive for
innovative approacdes that tackle social, economic and environmental concerns and
also provides the space and scale to allov developers to convert innovation into cost-
effective products and become market leaders in the zero carbon housing market. In an
environment of continuing energy price uncert ainty, householders will look to more
efficient housing as one potential solution to af fordability and security of supply. Equally,
as householders become more aware of their environmental impact in an increasingly
carbon constrained world, they will demand a more sust ainable home.

While eco-towns present a challenge in terms of delivery, they also hold the promise of
demonstrating the benefits that a lo w carbon built environment could contribute to
future prosperity in the UK.
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Eco-towns should be exemplar developments in terms of ef fective approades to the
holistic provision of energy and other services, and they should draw from the latest
advances in promising low and zero carbon technologies in the UK and around the
globe, as highlighted in this Worksheet and the case studies it presents.

zero carbon stra teg ies for eco-to wns —
outcomes and pr inciples

This Worksheet expands on the key criterion in the Eco-towns Planning Policy
Statement (PPS)2 which states that: ‘The definition of zero carbon in eco-towns is that
over a year the net carbon dioxide emissions from all energy use within the buildings

on the eco-town development as a whole are zero or below. The initial planning
application and all subsequent planning applications br the development of the eco-
town should demonstrate ho w this will be ac hieved: This definition of zero carbon
applies solely in the context of eco-towns, and applies to the whole de velopment rather
than to individual buildings.

2.1 Outcomes —w hat zero carbon meansf oreco-to wns

Clarity on the meaning of ‘zero carbon across the whole development’ is fundament al
to realising this aspect of the vision f or eco-towns. The phrase should be interpreted as
follows.

2.1.1 The zero carbon goal

Zero carbon means that net carbon dioxide emissions from the whole eco-to wn
development over a year are zro.
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2.1.2 Scope of the zero carbon goal

The zero carbon goal applies to:

I The whole development — meaning all new buildings (dw ellings and non-domestic
buildings), unregulated energy use in the common parts of multi-residential buildings
(for example lifts and staircase lighting), and ancillay infrastructure (for example car
park lifts, lighting and ventilation, external public and street lighting, etc.) developed
as part of the eco-town.

I Building energy use and related carbon dioxide emissions from the completed
development. It does not include embodied carbon (emissions arising from the
extraction and manufacture of materials, from their deliv ery to site and during
construction) or transport emissions.

There may be a time delay between the delivery of buildings in early development
phases and delivery of the associated zero carbon infrastructure. Phasing issues should
be explicitly addressed in the zero carbon strategy with a phasing plan if appropriate.

As set out in the Eco-towns PPS, the calculation of net emissions will t ake account of:

I Emissions associated with the use of locally produced energy.

I Emissions associated with the production of energy imported from centralised
energy networks, taking account of the carbon intensity of those imports as set out
in the Government’s Standard Assessment Procedure.

I Emissions displaced by exports of locally produced energy to centralised energy
networks where that energy is produced from a plant (i) whose primary purpose is
to support the needs of the eco-to wn and (ii) that has a production capacity
reasonably related to the overall energy requirement of the eco-town.

2.1.3 The definition of zero carbon

The Government has announced plans for new homes and schools to be zero carbon
from 2016 and for other new non-domestic buildings to achieve this from 2019. The
‘definition of zero carbon' is the set of r ules that apply to determining whether buildings
—and in this case the whole development — are zero carbon. The Government’s
definition of zero carbon applies a hierardical approac as set out in Figure 1

The Government’s definition of a zero carbon home is one whose net carbon dioxide
emissions, taking account of emissions associated with all energy use in the home, is
Zero or negative across the year. It is based on a hierarchical approad to carbon
savings through: energy efficiency; on-site generation and connected heat (‘carbon
compliance’); and ‘a range of measures that can be undertaken in the locality or
potentially further afield’ to co ver remaining ‘residual emissions’ (‘allowable solutions’).3
The net emissions of a zero carbon home, taking account of its energy efficiency and
on-site energy supply (including, where relevant, connections to heat net works) will
meet a minimum ‘carbon compliance ’ standard of 70 per cent — in effect a regulatory
level of carbon reduction to be achieved on-site compared with today’s regulations. The
energy efficiency standard will be a minimum fabric standard that all homes must
meet, but it will not preclude the use of higher energy ef ficiency standards suc as
Passivhaus which are likely to reach the energy efficiency and carbon compliance
requirement cost-effectively. The Government has set up a specialist task group,
reporting to the Minister of St ate for Housing, to examine the energy efficiency metrics
and standards which will realise the Government’s ambition of the highest practical
energy efficiency level realisable in all dwelling types. Understanding the projected
energy use in and carbon emissions from a building at the design stage

is an essential part of achieving reductions in practice.The Government is also
undertaking further work to consider the practical arrangements that will permit
allowable solutions to be put in place and to ensure that the st andards are adieved in
practice. As part of the approach to achieving zero carbon homes in eco-towns,
allowable solutions will be permitted as long as arny allowable solutions are chosen from



Cost not ex ceeding
£X per tonne of CO,

Allo w able
3 solutions

Carbon compliance
2 (on-site + connected heat)

Energy efficiency

Figure 1 The Government’ s preferr ed hierar chy of measur es for meeting the zero carbon standar d

Source: Def inition of Zer o Carbon Homes and Non-domes  tic Buildings — Consulta tion . Depar tment f or Comm unities and Local
Government, 2008. http: //www .comm unities .go v.uk/documents/planningandbuilding/pdf/1101177.pdf
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the official list, when finalised, and are also consistent with the requirements of the
Eco-Towns PPS.

As set out in the Eco-towns PPS, the ‘intent of the energy ef ficiency and on-site carbon
reduction standards is to ensure that, without being too prescriptiv e as to the means
employed to achieve the overall zero carbon standard, reasonable opporunities for
energy efficiency and on-site carbon mitigation (including directly connected heat
systems) are utilised’.

2.2 Principles f or zero carbon eco-to  wn stra teg ies

Delivering zero carbon eco-towns presents challenges and opportunities in terms of
development planning, design, and financing. The route to zero carbon for each eco-
town must be based on a conte xt-specific assessment of opport unities, constraints,
risks, costs and benefits. There is no template solution that can be applied to all cases,
but each zero carbon strategy will be underpinned by common principles.

2.2.1 Holistic a pproach and carbon aw areness

Carbon-saving opportunities have to be recognised and acted on at the right times in
the development process.

The preparation and r efinement of the z ero carbon str ategy for an eco-t own
should be complet ely int egrated int o the dev elopment pr ocess from the ear liest
planning stag e and thr oughout the mast erplanning and design stag es. There will
need to be a clear understanding of the key inter-relationships between the zero carbon
strategy, the masterplan and the design of buildings and spaces. Everyone in the
development team will need to be * energy and carbon avare’ as the masterplan
evolves and as buildings are designed, particularly when changes are made.
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Some of the inter-relationships between early masterplanning, building design and
carbon-saving opportunities are discussed in Section 3 of this Worksheet.

2.2.2 Principles f orlo w ener gy, low carbon buildings

Applying the following principles over the lifetime of a building contributes to reducing

energy use and residual carbon emissions:

I Reduce underlying energy demand.

I Meet energy demand efficiently.

I Meet the demand through energy generated using lo w and zero carbon technologies
(LZCs).

I Ensure that there is effective ongoing management of energy use and carbon
emissions.

The results of low energy design — demand reduction and efficiency measures — will
essentially determine the amount of energy the eco-to wn needs — the kilowatt-hours
(kwWh) of electricity, of heat and/or fuels for space and water heating, and of fuel for
cooking. Low energy design will ne ver reduce energy demands to zero, so satisfying
the zero carbon criteria will involve a combination of:

I Meeting a proportion of the energy demands using LZCs embedded in individual
buildings or supplied from centralised, on- or near-site generators through local heat
and electricity networks.3

| Exporting low or zero carbon electricity and heat generated on-site and subtracting
the carbon emissions savings from the residual emissions arising on-site from the
use of grid electricity, gas, biofuels, and other delivered energy and fuels that have
non-zero carbon emissions factors.

2.2.3 Role of lo w and zero carbon technolog ies

LZCs are an essential part of a 2ro carbon strategy. One of the fundament al issues for
the strategy is balancing the resources (design effort and costs) put into low energy
design against the resources committed to LZCs.

Table 1 illustrates the relative capital costs of each carbon-saving option when applied
to a Part L1a 2006 compliant home.

Eco-towns provide the opportunity to create economies of scale for LZC technologies.
In general, it gets increasingly difficult and expensive to make greater and greater
reductions in carbon dioxide (CO,) emissions through low energy design measures —
i.e. the marginal cost of carbon-saving increases with increasing carbon savings. By
contrast, LZCs tend to have a relatively high base system cost (to apply the tec hnology
at its smallest scale) and then a relatively small marginal cost for additional system
capacity — i.e. the marginal cost of carbon-saving decreases with increasing carbon
savings. Where very large-scale LZCs can be considered — as in the case of eco-tovns
— they may offer significantly more cost-effective carbon-savings than can be acieved
by energy efficient design beyond the minimum st andards required by Part L of the
Building Regulations. The reduction in the marginal cost of carbon-savings is most
pronounced with tec hnologies like larger wind turbines, district and biomass heating
and combined heat and power (CHP), and mud less so with photo voltaics.

Zero carbon str ategies for eco-t owns should tak e account of the inher ent benefits
of low ener gy design, as reflected in the pr inciples f or low ener gy, low carbon
buildings and in the hier archical appr oach of the pr oposed z ero carbon definition.
It will not be accept able for the strategies for eco-towns to disregard these principles in
favour of cheap carbon savings from large-scale LZCs.

The steps in the zero carbon strategy — reducing demand; efficient systems and
controls; and decentralised low and zero carbon technologies — are considered in
Sections 3, 4 and 5 of this Worksheet, respectively.



Table 1 Ca pital cost of each carbon-saving option w hen
appliedtoa P artLla 2006 compliant home

Technolog y Scale (if applicable) Unit Cost, £/unit  Cost, £/unit
option (minimum) (maximum)
Solar w ater Generally 2. 8m2 of flat | m? 850 850
heating panel collector per
dwelling
PV Scaled from 0.2 5kW kWe 4,200 4,800
peak to 4 kW peak per D
dwelling =
Biomass Scaled on biomass kWit 200 600 (D
heating boiler capacities from -
25kW to 1,0 00 kW (@)
Ground source | Scaled on GSHP kwt 800 2,750 <
heat pumps capacities from 25 0kW
to 500 kW E
Biomass CHP Scaled for biomass kWe 3,500 3,500 ®)
CHP capacities (large —
sites) =
Scaled for biomass kWe 16,000 16,000 wn
CHP capacities (small =5
city infill sites) D
Gas-fired CHP Scaled on CHP kWe 1,200 3,400 D
capacities from 8kWe ~—+
to 40kWe
Scaled on CHP kWe 650 1,200
capacities o ver
400 kWe
Micro-wind Generally based on kWe 2,500 2,500
15KkW unit per
dwelling
Medium-scale Scaled in units 1 50kW | kWe 1,250 1,500
wind to 60 0 kW
Large-scale Scaled in units 60 OkW | kWe 900 1,250
wind to 1,200 kW

kWe: Electric power kWt: Thermal power

Source: Table 2.11 (using Cyril S weett research and survey of supplier s and installer s), in
Research to Assess the Costs and Benefits of the Go vernment’ s Proposals to R educe the
Carbon Footprint of New Housing Development . CLG, Sept. 2008.

http: //www .communities.g ov.uk/publications/planning  andbuilding/housingcarbonf  ootpr int
2.2.4 Cost effectiv eness of carbon savings options

The zero carbon goal means that every annual tonne of CO, emitted by the eco-town
will have a cost and every tonne saved a value. In terms of the economics of climate
change mitigation, the ‘best’ z ero carbon solution is the one that — within the
constraints — achieves the goal at the lowest cost over the lif etime of the eco-t own.
In practice, it may not be possible to compare the relativ e, lifetime cost-effectiveness of
every route to zero carbon, and there may be reasons to take less cost-effective routes.
Upfront capital costs have tended to be the overriding concern when w eighing the
costs, benefits and risks of alternative zero carbon strategies.

Eco-town z ero carbon str ategies should consider the whole-lif e costs of eac h
carbon-saving option and of the o  verall str ategy. Capital costs should not be

11
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Box 1 Case study — Riv ersideOne de velopment

Development summar y char tfor the Riv ersideOne de velopmenta t Middlehav en, Middlesbrough

The RiversideOne project is a 1 million square foot, z ero carbon development in the UK. The
Middlesbrough-based project is one of the k ey regeneration sc hemes in Nor th East England.
The project will include urban space comprising of  fices, housing (750 homes), leisure
attractions, hotels and retail outlets. L  eading designer s have created futuristic arc hitecture
with the k ey aim of establishing cool urban i  ving in the Tees Valley, as well as catalysing the
regeneration of Middlesbrough.

Some of the z ero carbon features of the development include:

I High-performance building fabric.

| Energy efficient lights, fit tings and appliances.

| Localised renew able energy centres.

| Biomass boiler s/fuel cells generating energy to meet space heating and hot w ater
demands.

I An aim to establish a local biomas s/other renew able fuels supply ¢ hain.

I Energy Services Compan y (ESCO) established to ensure that there is ongoing sustainable
energy pro vision.

| ‘Green’ electricity bulk purc hased via the ESCO from net new renew able capacity .

The BioRegional Quintain par tner ship has star ted developing a mixed-use sc heme at
Middlehaven, a 4 0acre waterfront site around the former Middlesbrough doc ks.The

partner ship has already commit ted £20 0 million to the site, whic h will feature 1 50 apartments
and 13,000 square feet of ground-floor of fice space and has been granted planning consent

for the fir st of 15 futuristic buildings.

River sideOne won the ‘Big urban projects ' category at the MIPIM ( Architectural R eview)
Future Projects Awards 2007, in Cannes, France.

Sources: BioRegional Quintain Ltd. http://www .bior egional-quintain.com , and http://www .riverside-
one.com/
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allowed to become the sole decision-making driver in a way that prejudices good
longer-term solutions. This points towards financing models that can offset the capital
costs of low carbon development against future incomes and benefits. Financing is
discussed in Section 6 of this Worksheet.

The discussions in the rest of this Worksheet assume that the principles est ablished in
this section are applied to zero carbon strategies for eco-towns. The principles focus on
what should be done rather than on things to avoid. This applies to the Worksheet as a
whole — the omission or low profile of any technique or technology does not imply that
it cannot play a role in achieving the zero carbon goal for eco-towns.

reducing demand

Developers of eco-towns need to e xplore which combination of technologies makes
most sense at different scales — masterplan, block, and building — looking at the
opportunities for different building typologies and uses, and the relationship of the eco-
town to its neighbouring communities and r ural hinterland.

Low energy building design has been the subject of f ormal research, piloting and
practical application for many years. There is extensive good practice guidance and case
study material available on its principles and application, draving upon e xperience from
the Technology Strategy Board in the UK and international examples. This summary
focuses on aspects of particular importance in the context of the de velopment of zero
carbon strategies for eco-towns. Signposts to general guidance on low energy design
can be found in Section 8 of this Worksheet.

3.1 Master planning

Masterplanning at the eco-town scale offers a unique opportunity to consider and
plan for a robust infrastructure that will support the aspirations of a sust ainable
community, not only in terms of demand reduction, energy ef ficiency and LZC energy
supply, but also in terms of w ater and waste management, transport and biodiversity.
All these issues need consideration from the earliest st age and will have a major
influence on the masterplan concept. The strategic planning guidance on climate
change in England set out in the Planning and Climate Change PPS Rlanning Rolicy
Statement: Planning and Climate Change — Supplement to Planning Plicy

Statement 1)# and the associated practical guidance provides valuable information on
how to achieve this.

The Planning and Climate Change PPS highlights that particular aention should be
given to ‘opportunities for utilizing existing decentralised and renewable or low-carbon
energy supply systems and to fostering the development of new opportunities to
supply proposed and existing development. Such opportunities could include co-
locating potential heat customers and heat suppliers.’

Using the masterplanning process to map out LZC energy opportunities in the eco-
town area will help to identify the potential f or LZCs at all scales, including community-
scale schemes. This is supported by the Planning and Climate Change PPS which
highlights the need for ‘an evidence-based understanding of the local feasibility and
potential for renewable and low-carbon technologies, including microgeneration’.
Decisions on which LZCs are most feasible will be influenced by the eco-town
development’s design strategy, location and scale. The Planning and Climate Change
PPS further states that at the early design stage planners ‘should avoid prescription on
technologies and be flexible in how carbon savings from local energy supplies are to be
secured'.
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Box 2 Case study —lo w carbonr ene wa ble constr uction ma terials

These case studies highlight how the use of low carbon renew able construction materials
has resulted in some of the most energy ef ficient buildings in the UK.

Renew able House, Innovation P ark, Watford

The Renew able House is one of the landmark sustainable homes based at the BRE
Innovation P ark in Watford. Sponsored by the Depar tment of Energy and Climate Change
(DECC), the Renew able House uses highly insulati ve, low carbon renew able construction
materials to deli ver a low -cost affordable house that meets Code for Sustainable Homes
Level 4 through materials and design alone. In  August 20 09, DECC in partner ship with the
Homes and Communities Agency announced the roll-out of a social housing demonstration
programme whic h will build more than 60 af fordable homes from renew able materials at
various sites in England. This project demonstrates how renew able materials can pro vide
sustainable housing without compromising on style or af fordability .

Further information: NNFC (National Non-F ood Crops Centre ). http://www .renew able-
house.co .uk/do wnloads/1/3/

Adnams Distr ibution Centr e, Southw old, Suffolk

The Adnams Distribution Centre,

built using renew able construction
materials, is saving money and

energy through the design and

materials used. The unique thermal
proper ties of the hemp lime products
used in the building’ s diaphragm w alls
make it possible to maintain a nea r-
constant temperature inside. The chart
on the right shows the Distribution
Centre’s temperatures from J une to

July 20 08.The blue line reflects the outside temperature, while the red line shows
temperatures recorded at points around the building. Owing to the constant temperatures
inside the Centre, air conditioning is not required to k  eep the goods stored ¢ hilled, even
during summer .

Further information: Adnams. http://about.adnams.co .uk/post/lif e/2008/02/adnams-distr ibution-
centr e.aspx
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The compatibility of the technologies making up the zero carbon strategy should be
carefully considered through masterplanning. A strategic approach to compatibility
needs to be taken when planning across an eco-town, as there may be better cost-
effective potential with larger LZC solutions at communit y scale, with more plant space
and better opportunities to balance heating and power needs between building types
with dif ferent demands. Developers and masterplanners should also consider that there
may be potential anomalies in any technology compatibility assessment, depending on
local characteristics or needs.

Performance targets should be established and agreed as part of the masterplan,
concept statement or development frame work. The zero carbon strategy demands a
shared vision, common goals and a commitment to long-term management of the
public realm. It also demands a commitment to communit y consultation, integrated
design, innovative funding and, above all, quality.

Decisions about the eco-town layout — the relationship between roads, open and green
spaces, and ead of the different types of buildings — and about density and urban form
will affect the eventual energy use and emissions baseline.

In a changing climate, consideration must also be given to cooling strategies at the
masterplan level, including the option of inst alling cooling networks. Adaptation
principles should be embedded in the masterplan and integrated into the design phase
of scheme development, with consideration giv en to the cooling needs of the entire
settlement, now and in the fut ure.

3.2 ‘Bloc k' scale

At a street or block scale, consideration of urban design and form can help to promote
energy efficiency and to provide attractive, sunlit amenity spaces at ground level
(whether residential or commercial) and ensure that there are good levels of daylighting
within dw ellings at every floor level (to optimise passive solar gain while minimising risk
of summer o verheating) if appropriate for the development.

The inter-relationships between density, built form and the zero carbon strategy need to
be considered for the overall masterplan and for the resulting town blocks. The density
of development — as a whole and within plots or to wn blocks — and the built form
influence inherent energy demand. Higher-density development can increase the
viability of centralised energy provision as the length of pipe-runs and distribution
losses are reduced. As referred to in Section 3.1 of this Worksheet and the Climate
Change PPS consideration should be given to co-locating potential heat customers and
heat suppliers. The Energy Saving Trust/CarbonTrust Community Heating for Planners
and Developers good practice guide® notes that centralised heating options with heat
networks become viable for housing schemes where the densit y of development is

50 dwellings or more per hectare.

However, the potential negative impacts of higher densities on energy demand — such
as the energy use of lifts, significant overshading/reduced solar access in winter, and
reduced daylight — should also be considered and managed. Higher densities have also
been linked to warmer summertime temperat ures in developments, an effect that will
be exacerbated by climate change and which could result in increased demand for
cooling, either via cooling networks or by mechanical cooling at the building scale.

Lower-density development, such as large detached homes and low-rise non-domestic
buildings, have a greater surface area to floor area ratio than teraced homes, flats in
apartment buildings, and taller non-domestic buildings — and consequently higher
heating and cooling loads and related energy use. Howvever, lower-density housing —
homes with gardens — are essential in creating an inspirational eco-town living
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environment and should not be dismissed purely on zero carbon terms. Planning has a
vital role to play in reconciling development density in the zero carbon strategy with
ensuring that the dw ellings that are built meet the needs and aspirations of the fut ure
residents of the eco-town. Density must also be considered alongside future-proofing
the eco-town against climate change — this serves to highlight that this Worksheet
should be considered alongside others in the series, especially those on green
infrastructure and housing (available at http://www .tcpa.or g.uk/pag es/gr een-
infrastructure.html and http: //www .tcpa.or g.uk/pag es/sustainability -worksheets-
housing-81 .html , respectively). In short, a mix of densities and LZC solutions across
the eco-town should be considered.

Energy lost

House type Source: BRE

Figure 2 Heatloss b y house type

3.3 Building le vel

Reducing the energy demand of a building or a group of buildings through passive
design techniques (such as massing, daylighting or form) will generally offer a sound
basis for implementing LZCs cost-effectively. High levels of insulation in walls, roofs,
floors, doors and windows are paramount in reducing winter heat loss and theref ore
energy demand. High levels of insulation also help to keep buildings cool during
summer, an increasingly important issue as the climate changes. In addition to energy-
saving, consideration should be given to the materials used.

For further information about efficiency standards sud as the PassivHaus standard and
the Energy Saving Trust's ‘Advanced Practice’ energy efficiency standard, which has the
potential to realise significant carbon savings compared with today'’s building
regulations (see http: //www .passivhaus.or g.uk/ and

http: //www .energysavingtr ust.or g.uk/business/Business/Building-

Professionals/New -housing/A -hist ory -of-our -new -build-standar ds, respectively).




Section 9.1 of the Eco-towns Housing Worksheet (available at
http: //www .tcpa.or g.uk/pag es/sustainability -worksheets-housing-81 .html )
considers the energy performance of homes in eco-towns.

3.4  Cross-cutting design issues
Demand reduction is import ant for eco-towns, but it is only one of a huge number of

design issues to be considered. It need not conflict with others, and there ma y be
synergies.

Box 3 Case study — Bar king Riv erside

The London Borough of Barking and Dagenham has pro  vided a prime example of the role
that local councils can play in dri  ving forw ard change in significantly reducing its carbon
emissions. The borough is cur rently undergoing major developments, including the building

of a new w aterfront community — Barking Ri  verside. The Council’ s status as a frontrunner in
environmental aw areness w as cemented in April 20 08 by winning the IDeA 's Beacon Aw ard
for Tackling Climate Change.

Barking Ri verside is a crucial Thames Gatew ay project whic h will pro vide 11,000 new homes,
to be built in four phases o ver a 20-year period. The development acti vely seeks to reduce
demand in energy consumption, including through the Barking Town Centre Energy Action
Area (EAA) pilot project promoting high energy  -generation and energy -saving standards.

One particular issue the Council is tac kling is the expected rise in atmospheric temperature
from global w arming. This is set to exacerbate the existing problem of the heat island ef fect,
whic h results in the need for extensi ve electric cooling of urban areas and concomitant high
energy consumption. The planned inclusion of 40 per cent open space in the Ri  verside site,
and its incorporation within the o verall design of the site, will have the ef  fect of lowering air
temperatures and pro viding shade to naturally cool the built en  vironment.

In order to evaluate the en vironmental standards for the new development, the Council and

its par tner s have designed an En vironmental and Energy Strategy and  Assessment Tool
(EESAT). Planning permission will only be granted if an o verall score of 70 per cent is
achieved. An additional measure the Council plans to pur  sue is the installation of interacti ve
displays in houses, pro viding information on energy usage and generation, as well as local
travel advice. This will aim to raise aw areness of potential means of increasing energy
efficiency at household level.

Sources: Barking Ri verside website. L ondon Borough of Barking and Dagenham Council.
http: //www .barkingr iverside.co .uk/
Beacon and L ocal Inno vation Awards Schemes website. IDeA. http://www .beacons.idea.g ov.uk/
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Design of both homes and non-domestic buildings should consider summer comf ort
under future climate conditions. Avoiding future installation (‘retrofits’) of air
conditioning should be considered in homes, and the maintenance of t arget comfort
criteria is important for offices. Natural ventilation and any night cooling strategies
should be tested for robustness in terms of securit y.

The potential for shelter, shade, water and plants to produce a microclimate that
contributes to low energy design has already been mentioned in relation to
masterplanning, and there may be strong synergies between this and planning for both
green infrastructure and sustainable water management. Green roofs and walls can
also directly modify the heat transfer characteristics of buildings, thus potentially
reducing energy demands, particularly for cooling where green surfaces can reduce
unwanted solar gains through the building fabric.

Links with other Eco-towns Worksheets are summarised in Section 8.2 of this Worksheet.

efficient systems and controls

Building users demand comfort (particularly thermal comfort, largely satisfied by space
heating and cooling), hot water, fresh air, lighting, and the ability to use a variety of
electrical equipment. These demands are met by various equipment and associated
systems, including heat generators, heat and hot w ater distribution pipework and heat
emitters, chillers, air handling units and ductwork, fans and pumps, lighting system
components, etc. Each system has its respective controls, which in turn can be linked
together to provide co-ordinated control of the internal environment. Efficiency can
involve incremental improvements to sy stem components.

The effort put into demand reduction, and the resulting le vel of demand, can have an
impact on which energy efficient options are most appropriate. For example, comfort
cooling with chilled beams is typically more efficient but also has a lower maximum
cooling capacity than other more energy-intensive forms of air conditioning. However,
many efficient component options are independent of the le vel of demand, including
much efficient lighting equipment, lo w energy fans and pumps across all buildings, and
efficient drive systems for fans, lifts and escalators in non-domestic buildings.

A large proportion of available ‘drop-in replacement’ energy efficient components and of
alternative systems will be cost-ef fective carbon-saving options compared with LZCs,
including dedicated low energy light fit tings in dw ellings and A-rated home appliances.
There may be many separate efficiency opportunities, each with relativ ely small carbon
savings.

In line with the principles of lo w energy buildings and the application of the hierarchical
approach to achieving zero carbon, there should be a concerted effort to identify lik ely
efficiency measures in the zero carbon strategy, to account for these in calculations,
and to ensure that they will be implemented at more det ailed design stages.
Consideration should also be given to efficiency control systems such as next-
generation smart meters (where this could go be yond the requirements in the Eco-
towns PPS for each home to be fitted with a real-time energy monitoring sy stem) to
enable occupants (both residential and commercial) to monitor their energy use and
modify behaviour.

In December 2009, the Government confirmed that all homes will ha ve smart

meters from their supplier b y end of 2020 (see the Department of Energy and Climate
Change website at htip://www .decc.gov.uk for further information). It would be
important for eco-town homes to lead the w ay in installing demand management
technology.



decentralised lo w and zero carbon
technolog Ies

Low energy design will ne ver reduce energy demands to zero, so LZCs are an essential
part of a zero carbon strategy. Having a mix of LZCs is beneficial for ensuring reliability
of supply. While low energy design techniques and technologies can be seen,
respectively, as evolutions from old tec hniques or replacements of less efficient
systems or components, LZCs and their associated costs are clearly additional. Some
are also relatively immature technologies with risks that are theref ore not yet well
understood when the y are applied at scale. It follows that, as w ell as balancing the
resources devoted to low energy design and LZCs, the zero carbon strategy must
balance the costs, benefits and risks of the LZC mix within the strategy .

5.1 Range of ma ture and prospectiv e LZCs

The proposed definition of zero carbon refers to on-site low and zero carbon energy
technologies and directly connected heat. It is most lik ely that carbon emissions that
arise from on-site and connected near-site generation and any gas and grid electricity
used will need to be t ackled through ‘allowable solutions’ (measures, taken from an
official list, that are permitted for dealing with residual emissions remaining after taking
account of carbon compliance measures). Summaries of a number of LZCs that are
typically listed as market-ready or prospective technologies are given in the following
sub-sections. In addition there is a brief discussion of issues for consideration for each
technology in the context of a zero carbon strategy. Where solutions are combinations
of fuels and technologies, these aspects are discussed separately, as are

complement ary non-generation techniques. The list of LZCs provided below does not
cover all technologies (for example air source heat pumps). Additionally, other options
could be considered, such as capturing the surplus heat from an existing power station
or industrial site where this is f easible.
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Eadh technology and fuel (or combination, where there are alternatives) will need to be

considered on the basis of:

I Net carbon emissions for energy used on-site (zero for certain ‘fuels’).

I Net carbon savings for energy exported.

I Financial evaluation from the perspectiv e of the ‘undert aker’ — cash flows over the
life of the building, including periodic replacement at the end of sy stem life.

I Cost-benefit analysis from different stakeholder perspectives — i.e. costs, returns and
savings of: the developer; any third party, such as an Energy Sewices Company,
engaged to fund and/or design, deliver, operate and manage energy generation
systems and networks; and building owners and occupiers.

5.1.1 Biomass hea ting (biogas and w  ood fuel)

Biomass heating is a low carbon and renewable technology. It is a mainstream heating
technology in other countries, and modern biomass boilers are clean and efficient, and
some — usually those using wood pellets — can be fully automated. The technology can
be used with other rene wable technologies such as those that generate electricity —
photovoltaics or wind, for example. Wood is the most common solid biomass fuel, and
is commonly marketed as woodchip, wood pellets or logs. Biogas can be derived from
gasification of biomass or by anaerobic digestion, including of defined wastes.! The
Forestry Commission’s Biomass Energy Centre is a good starting point for information on
biomass fuels and related technologies — see http: //www .biomassener gycentr e.org.uk/

i There are other forms of biofuels, but the term is ambiguous because of the inconsistency with the more
common definition in relation to transport fuels. Use of liquid biofuels f or energy generation in buildings is not
considered a good practice use of a valuable resource.
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Consider ations:

The supply chain and sourcing of biomass fuel should be given serious consideration —
ideally a long-term provision to secure a supply of suitable woodfuel should be put in
place, making use of the fast developing national and international markets for
sustainable biomass fuels. Local sourcing will reduce carbon emissions to a minimum,
but transporting it in bulk by ship or truck will not greatly increase them (alw ays
assuming the wood fuel is sourced sustainably). It should be borne in mind that
modern biomass appliances require fuel of a specific quality if they are to work
efficiently with minimum ser vicing costs.

5.1.2 Biomass-fir ed CHP (biogas and w  ood fuel)

Biomass CHP can satisfy demand for both electricity and heat with very low carbon
emissions.

Consider ations:

According to the Forestry Commission, systems smaller than 2MW of electrical output
(MWe) are considered ‘small scale, and ‘many of these technologies are under active
development and cannot be viewed as mature’.® Large systems raise phasing issues
and give rise to a range of significant planning phases/considerations that may make a
parallel planning process prekrable.

Box 4 Combined hea tand po wer (CHP)

Given the nature of the z ero carbon c hallenge, there are obvious at tractions to tec hniques
that can reduce carbon emissions and satisfy both electricity and heat demands. CHP

engines and turbines and fuel cells fit this bill. Large-scale systems are turbines (somewhat
like those in central power stations), while smaller ones may be mini-turbines or one of a
number of types of g as-fired engine (with only Stirling engines of  fering direct firing with
wood fuel).

Key considerations for CHP economics, carbon savings and roleinaz  ero carbon strategy are:

| System scale: There are economies of scale with larger systems, but they raise phasing
issues, and the largest may require a parallel planning process.

| The ratio of heatt o electrical output: This is largely determined by the system type —
leaving fuel cells aside, CHP engines and turbines alw  ays generate more heat than
electricity , sometimes muc h more.

| The number of hours the syst em will r un over the y ear: This depends on the previous
factor s and the operating strategy

| The ‘lead’ ener gy demand: Systems should generally be ‘heat led’ (siz ed based on serving
heat demands). Where systems are ‘ electricity led’ (siz ed to meet electrical demands), this
should not result in ‘dumping’ of heat. Heat storage can be used to optimise system
operation and allow equipment to operate ef  ficiently for longer

In order to ensure that a CHP system meets the European definition of ‘high ef ficiency’ CHP
and to qualify for tax benefits, developer s should be encouraged to apply for the v oluntary

CHP Quality Assurance scheme run on behalf of the UK Go vernment. Details are available at
http: //www .chpga.com . Guidance on how to establish a CHP sc heme is available at

http: //chp.decc.g ov.uk.

5.1.3 Fuel cells (h ydrogen)

The term fuel cell is t ypically applied to a fuel cell system of a fuel processor (unless
the fuel is pure hydrogen — most cells available now run on fuel derived from fossil
fuels), a fuel cell stadk, and an electrical power conditioner to convert the direct cur rent
output of a fuel cell to the alternating cur rent used in buildings.
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Consider ations:

Fuel cells are commercially available now, but they are marketed for niche applications,
the number of inst allations is tiny, and experience (certainly of any central generating
applications) is limited. They are interesting because they offer heat to power ratios
close to 1:1 and are inherently modular and scalable, suggesting that fuel cell stacks
could be added to a centralised plant in step with de velopment phases.

Box 5 Absor ption cooling

Absorption ¢ hiller s use heat from a CHP plant to dri ve a thermal refrigeration cycle, instead of
using electricity in the more familiar vapour compression refrigeration cycle. It should be

noted that generating heat for the purposes of cooling from absorption ¢ hiller s is usually not
cost-effecti ve. Absorption c hiller s are most ef fecti vely used on the site where the heat is
generated, ef fectively using the ‘w aste heat’.

5.1.4 Gas-fir ed CHP (gas)

CHP can reduce CQ, emissions compared with separate grid electricit y and gas-fired
boilers, owing to the use of heat from electricit y generation that would otherwise be
wasted and the avoidance of transmission losses. Developers should be encouraged to
apply for the voluntary CHP Quality Assurance scheme (see Box 4) to ensure that a
CHP system meets the European definition of ‘high ef ficiency’ CHP (and thus can be
shown to be reducing carbon emissions) and qualifies for tax benefits.

Consider ations:

Significant quantities of heat and electricity would need to be exported for off-site use
for gas CHP to contribute a majority of savings in a zero carbon strategy. An alternative
would be a combination of extensive LZCs generating electricity (photovoltaics, wind) in
addition to an extensive roll-out of low and zero carbon heat-generating technologies.

Box 6 Local ener gy netw orks

The following infrastructure suppor ts a range of LZCs:

I Heat networks — on-site heat generation with connection to buildings with heat and cooling
demand.

| Electricity networks —normally , networks car rying locally generated electricity would have a
connection to the national grid. ~ The benefits of ‘pri vate wire ’ to par ties other than a network
operator granted a ‘local monopoly’ are uncer  tain. Regulatory review in this area (now also
absorbing an y implications of the Citiworks opinion from the European Cour t of J ustice) adds
to uncer tainty sur rounding models based on cer tain types of ‘pri vate wire ' arrangements.

Work is cur rently being under taken by the Depar tment for Communities and L ocal
Government (CLG) on the definition of z  ero carbon (see Figure 1 in this Worksheet and S ection
2.1.3 on the definition of z ero carbon). As part of the allow able solutions element of this
definition, heat networks will potentially play a substantial role.

5.1.5 Photo voltaics (solar)

Photovoltaics (PV) are a proen technology. They can contribute to meeting electrical
demands, are easy to install, and are relatively low maintenance. PVs can be mounted
on buildings or on frames on a flat or a green roof, or can be building-integrated as part
of the fabric or as a useful design feature. Building integration options include:

| Facade (rainscreen) cladding material.

I Integrated into external louvers.

21

199Usy 10 m AD Jaua



ener gy w or ksheet

22

I Integrated into balcony or corridor glass.
I Roof tiles.

Consider ations:

PVs deliver predictable carbon savings but are still available only at a relatively high, if
ever decreasing price. There are potential running cost benefits f or occupants,
particularly if proposed ‘feed-in tariffs’ are implemented in the fut ure.

5.1.6 Wind po wer atmicrotolar ge scale (wind)

Wind turbines appropriately located in areas of high wind speeds are a cost-effective
renewable energy technology currently available in the UK. However, developers will
need to consider both the scale and location of any wind turbines. For example, micro-
wind turbines may be significantly less cost-effective at reducing carbon emissions than
larger-scale wind farms.

Consider ations:

Output from smalle r-scale turbines is much less well proven. Availability of wind resource
must be determined v ery locally and may be affected by the eco-town development
itself if the t urbine is on or adjacent to the site. A large free-standing wind turbine is a
highly visible element in the landscape, a powerful symbol of a scheme’s environmental
credentials, and equally a fature likely to lead to a parallel planning process.

5.1.7 Energy fromw aste CHP (w aste)

Anaerobic digestion allows energy to be generated from putrescible biodegradable w aste.
This technology generates only small amounts of energy from a given quantity of waste
and requires a large amount of waste to become viable. Advanced thermal treatments
(pyrolysis and gasification) turn waste into energy-rich fuels by heating the waste under
controlled conditions. Both these technologies could be applicable to eco-towns owing
to the amount of w aste that could arise. For example, pyrolysis and gasification is
typically economically viable in the range of 30,000-60,000 tonnes of w aste per year.

For examples of anaerobic digestion plants, see the Biffa and Severn Trent Water

plant at the Wanlip Sewage Treatment Works (see

http: //www .biffaleicest er.co.uk/about/composting.php ) and the case study on
Hammarby Sjostad in the Eco-towns Waste Management Worksheet (available at
http: //www .tcpa.or g.uk/pag es/t ow ards-zero-w aste.html ). The Waste Management
Worksheet also provides additional information on consideration of energy from w aste
through incineration.

Consider ations:

Mass combustion tec hnologies are often described as ‘waste hungry’, and care should
be taken to co-ordinate waste and energy strategies to ensure that there is a reliable
supply of fuel without contra vening the waste hierarchy that prioritises reduction, re-
use, and recycling of waste over its use for energy recovery. Some energy from w aste
technologies are relatively unproven on a commercial scale in the UK, and there is little
experience of integrating them and the associated collection and w aste-handling into
new development. This is likely to be a complex challenge requiring the early
involvement and support of the local authorit y and, where relevant, higher waste
planning authorities at county and/or sub-regional level.

5.1.8 Other techniques and technolog ies

LZCs familiar from other policy conte xts may also play a part in eco-town zero carbon

strategies, such as:

I Ground source heat pumps (ground heat) — subject to certain conditions (for example
a ‘coefficient of perf ormance’ above 3.2 — see



http: //www .energysavingtr ust.or g.uk/Gener ate-your-own-ener gy/Gr ound-
source-heat-pumps ) these are regarded as a renevable technology by the EU’s
Renewable Energy Directive.” Reversible systems may have a role in certain
buildings, particularly those whose heating and cooling demands balance over the
year, helping to keep the ground at a stable temperature.

I Hydro, small scale (water) — dependent on availability of an appropriate resource on site.

I Solar water heating (solar) — a praven technology but handicapped in zero carbon
strategies, where it of ten competes f or heat demand with CHP while having limited
maximum carbon savings.

I Waste heat — a local surplus from an existing generator that could be cost-effectively
connected to site.

5.2 Overview of the stra tegy f ormula tion process
(process chec  Kklist)

The compatibility of the technologies making up the zero carbon strategy must be
carefully considered case by case. Developing the zero carbon strategy will be an iterative
process repeated at successive development st ages, alongside and informing other
planning and design activities (see Section 3.1 of this Worksheet, on masterplanning).

The typical steps making up one iteration of the process of f ormulating a zero carbon
strategy, testing options and refining them are presented belo w. Many assumptions are
likely to be needed for early iterations:

I Define the dev elopment mix and set up building ener gy models:

| Decide or assume a mix of housing and non-domestic building types and sizes for
the site.

| Select an adequately representative sample.

I Generate or assume sufficient design information to enable the use of st andard
calculation models to obtain the Target Emissions Rate (TER) br buildings of the
proposed types, sizes and shapes.

Iterations of this step can inf orm optimisation of the built f orm and building

configuration (plan shape, aspect ratio, etc.).

| Consider lo w ener gy design measur es:
I Improved U-values.
I Improved air tightness/thermal bridging.
I Low energy lights and appliances.
| Other energy efficient systems and components.

| Calculat e regulat ed and ‘unr egulat ed’ emissions r ates by building type:
Calculate emissions for each building type using the appropriate standard calculation
model. The emissions rate calculated at this point is not hugely significant be yond
showing the impact of lo w energy design alone on reducing emissions. Energy use
and emissions for ‘unregulated’ end-uses not covered by the standard calculation
models should be calculated separately and added.This may apply to energy
demands and emissions from site-wide infrastr ucture and structures not associated
with particular buildings — for example street lighting , lighting for communal areas
and car parking, lifts, etc.

| Calculate ‘baseline ' CO, emissions: Calculate the aggregate value of CO, emissions
for the site. This baseline accounts only for the carbon savings from low energy
design and represents the reduction in CO,, emissions to be achieved using LZCs.

I Review the cost-benefits of individual LZCs:  The technology review should include:
I Application — technology type, scale and end-uses served.
I Integration/design implications.
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| Potential CO,, savings.

| Capital costs (including any associated infrastructure/civil works).
| Technical considerations and uncertainties.

| Planning considerations.

I Impact on householder energy bills.

I Management/maintenance strategy.

I Review the cost-benefits of alt ernativ e 'scenarios’ or ‘routes to zero carbon’:
This may involve combinations of low energy design options, on-site and near-site
LZCs, and good-qualiy allowable solutions.

Box 7 Case study — Hanham Hall eco-village

Eco-towns will build on what has been learnt thus far in the UK and around the world. In the

UK, there are smaller eco-communities suc h as BedZED and Great Bow Yard whic h pro vide
strong examples of sustainable li  ving. More recently , work has star ted on a zero carbon
development at Hanham Hall, a former hospital site near Bristol in the S outh West of
England. Hanham Hall is the fir st of several sites to be developed as par t of the Carbon
Challenge programme, run by the Homes and Communities Agency (HCA) on behalf of the
Government. The aim of the Carbon Challenge is to encourage the house-building industry to
advance the use of green tec hnologies and to find out early on what it will tak e to deli ver
zero carbon homes in large v olumes.

The Hanham Hall development will meet L evel 6 — the highest level of the Code for
Sustainable Homes (CSH 6), requiring z ero net carbon dio xide emissions from eac h home.
The architect-developer team, HT A/Barratt Homes Bristol, plans to ac hieve zero carbon by
using on-site and nea r-site renew ables. The focus is on deli vering 1 95 CSH 6 homes, whic h
will recei ve heat and electricity from a biomas s/biomethane-powered combined heat and
power plant. Eac h home will have highly insulated fabric and will be fit ted with a mec hanical
ventilation with heat reco very (MVHR) system.

The new homes will be constructed using energy ef  ficient materials, with very high
insulation standards to conserve energy (and w  ater) use. The design will integrate buildings
in a landscaped set ting that benefits both residents and local wildlife. Materials from the
existing buildings on the site will be recycled in the new development, heat from air

extracted from the homes will be recycled, and excess electricity can be sold to the national
network. R ainwater will be harvested for use in homes and g  ardens, and residents will have
access to allotments and orc hards to grow their own produce.

To educate residents and visitor s about the z ero carbon features of the homes and the wider
development, the developer s, with help from par tners, will create a Sustainable Li ving Centre
as part of the new community .This Centre, along with other shared community facilities, will be
managed by a residents association. The fir st homes are due for completion in 20  10.

Source: Homes and Communities Agency . http: //www .englishpar tnerships.co .uk/hanhamhall.htm
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5.3 The zero carbon stra tegy r epor t

A zero carbon strategy report should be prepared and updated as required. It should
clearly set out the options st udied and the current preferred approach to delivering a
zero carbon eco-town. The strategy should include likely capital and running costs,

outline how the energy generation will be link ed into the communit y, address technical

and planning considerations which may arise, and explain how the strategy will impact

on householders, businesses and building-owners in the de velopment. It should include
a projection of any possible costs which may have to be met by occupants should this
be necessary (bearing in mind that occupiers will benefit from lo wer power bills in any
case), and it should outline how det ails of the proposed strategy will be communicated

to building users.

Where the preferred strategy involves applying novel technologies, a risk assessment

and a badk-up/fall-bad scenario or strategy should be included. The strategy should also

eventually cover ongoing management and metering proposals (smart metering) and
arrangements for the management of any central systems.

Box 8 Case study —comm unal biomass hea ting system, Barnsley

Local authorities are increasingly considering biomass energy from the UK’ s woodlands as a
viable energy option. As shown by a project lik e Barnsley Metropolitan Borough Council’ s
(BMBC'’s) communal biomass heating system, wood fuel can power large-scale buildings and
housing developments and cut carbon emissions and costs. Barnsley’ s system is the UK’ s
largest working example of a process using carbon-neutral wood sourced through local

woodland management to heat community housing. L ocated abo ve the biggest coal fields in
the UK, Barnsley still consumes in excess of 6,50 0tonnes of coal a year and generates
15,000tonnes of CO , in around 1 33 coal-fired boiler s.

In 2004, BMBC became the fir st local authority in the UK to adopt a biomass fuel heating
policy . In suppor t of this policy , the Council developed a stable and cost-ef fective supply of
wood fuel from the S outh Yorkshire woodlands. The Council established wood fuel handling
centres to supply its boiler switc h-over programme, handling and processing a range of

wood, including tree surgery w  aste and forestry residue. By installing wood heating rather

than traditional fossil fuels in all new public buildings and in various refurbished public and
commercial buildings, the Council has ac  hieved significant carbon savings. The Council w as
able to ac hieve a 40 per cent reduction in carbon emissions in 20 05, with similar energy cost
savings passed on to residents. In 20 06, the Sheffield R oad Flats project recei ved Fir st Prize
in the Ashden Award for Sustainable Energy . Barnsley hopes to roll out fur ther installations,
to continue developing a more ef ficient network of fuel supply , and to reduce carbon
emissions by 60 per cent by 20 10.

Biomass will supply a larger share of the nation s energy needs in the future. The UK is set to
build a biomass power station at P ort Talbot whic h will use woodc hip to produce enough
electricity to supply half a million homes.  This new power station w as approved in
September 20 09 by the En vironment Agency .

Sources: Community Energy: Urban Planning foraL  ow Carbon F uture . TCPA and Combined Heat and
Power Association, 20 08. http://www .tcpa.or g.uk/pag es/community -energy-urban-planning-f or-a-low-
carbon-fut ure-.html ; Barnsley Biomass: Working tow ards Carbon Emissions R eduction in Yorkshire .
Forestry Commission case study . http://www .forestry.gov.uk/pdf/yh-casest udies-
barnselybiomass.pdf/$FILE/yh-casest udies-bar nselybiomass.pdf ; ‘Biomass heats up Barnsley — heating
from tree w aste’. Barnsley Metropolitan Borough Council.

http: //www .barnsley.gov.uk/bguk/Council_Democr acy/Press_Releases/2006-2007/20 06-2007-

June/20 06-06-06_Issued%20by%20the%20Ashden%20A w ards%20-
%?20Biomass%20heats%20up%20Bar nsley%20-%20Heating%20fr om%20Tree%20Waste.htm ; ‘Biomass
district heating in Barnsley’ . http://www .berr.gov.uk/files/file49267 .pdf
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5.4 Phasing issues

Eco-towns are likely to be built out in phases of se veral hundred homes at a time. It will
sometimes be possible for delivery of major items of z ero carbon infrastructure and
large-scale generating plants to be similarly phased (because of for example, the
inherent scalability of fuel cells, or the modular design of heatin g/CHP capacity on a
local network). Initially, large surplus amounts of electricity from a large wind turbine
could be sold to off-site customers. Technologies that rely for their economics on scale
and the supply of heat to local consumers face the biggest issues with phasing
(biomass CHP in particular). er these technologies, considering a delay in delivering
the LZCs infrastructure until an appropriate scale of homes and energy demand is in
place may be the most cost-ef fective approad.

5.5 Other sustaina bility considera tions

When reviewing these tec hnology options, there are a range of broader sustainability

issues that need to be considered. For example:

I The costs of energy supplies to homes and businesses, and patrticularly the effects
in terms of fuel po verty.

| Biomass resource availability and the impacts at source and in the supply chain of
exploiting available resources.

I The impacts of on-site energy generation on local air quality, particularly when using
biomass fuels.

financing

Achieving the zero carbon goal will increase the upfront cost of de velopment significantly.
Understanding these costs at the outset and how they are to be financed is essential.
The financial arangements will vary on a site-specific basis and will not be solely the
technological costs of reaching zero carbon. Other objectives such as good-quality
green space and accommodating a mix of population demographics should also be
considered when looking at densities, as set out in the Eco-to wns PPS.

Therefore this Worksheet does not seek to be prescriptiv e on the financial parameters.
It is recommended that the de velopers and promoters of eco-towns view the f ollowing
documents:
| Definition of Zero Carbon Homes and Non-domestic Buildings — Consultation (CLG,
December 2008)3
http: /mww .communities.g ov.uk/documents/planning andbuilding/pdf/1 101177.pdf

| Financial Viability Study of the Eco-towns Programme (CLG, March 2009)3
http: //www .communities.g ov.uk/publications/housing/financialviabilityst udy
| Impact Assessment. Planning Policy Statement: Eco-towns (CLG, luly 2009)?
http: //mwww .communities.g ov.uk/documents/planning andbuilding/pdf/
ecot ownsimpactassessment.pdf

These documents provide a useful analysis of the carbon savings and costs of various
solutions for different types of home: flats, mid-ter race, end-terrace, and detached.

The analysis in Annex E of the definition of zero carbon consultation paper? also
considers a range of location scenarios, of which the ‘market town’ maybe a useful
proxy for an eco-town.

Given the centrality of zero carbon in the Eco-towns PPS, financing zero carbon will
clearly be critical to the success of eco-town developments. No eco-town zero carbon
strategy should be considered complete without a cor responding financing plan. This



will often mean the scheme promoter(s) taking one or a combination of the following

approaches to financing the achievement of the zero carbon goal:

I Engaging a specialist partnet

| Establishing a joint venture.

| Establishing or contracting an Energy Sewice Company (ESCO).

| Establishing or contracting a Multi-Utility Services Company (MUSCO).

| Establishing some other form of long-term funding body or mec hanism covering
investment in the energy sy stems and infrastructure, such as a community trust.

Typically, ESCOs would be responsible for delivering a secure, competitively priced
energy supply to residents and businesses, co-ordinating and maintaining the
infrastructure, and collecting revenues to ensure ongoing operation. They often also
take on some combination of responsibilit y for design, procurement, construction and
ownership of sy stems. ESCOs may be established or engaged on the basis that they
contribute to the capit al costs, but historically they have rarely financed the full costs of
implement ation.’® This body could also be set up to deliver broader benefits for the
community, and various bodies, potentially including a community trust, would have a
stake in its governance.

There are significant environmental, economic and operational advantages in integrating
the energy strategy and systems with other utilities — f or example through the

Box 9 Case study — deliv ering decentralised ener gy through public-
private par tner ship

Woking Borough Council is a well established leader of local sustainable community energy
systems and has significantly reduced its CO , emissions by using a wide range of
technologies. In 1 999, it set up a public-pri vate joint venture energy and en vironmental
services compan y (EESCO),Thameswey Limited. Thameswey is designed to ac hieve the
Council’ s energy ef ficiency and en vironmental agenda at a muc h more accelerated rate than
the Council could ac hieve on its own, utilising primarily pri ~ vate finance. In May 20 00,
Thameswey in vested in its joint venture energy services compan y (ESCO), Thameswey
Energy Limited, to finance the fir st energy station in Woking town centre.

Since then, Thameswey Energy has deli vered a range of sustainable and renew able energy
projects in order to meet the Council’ s Climate Change Strategy objecti ves. The Council has
developed a network of o ver 20 local generator s, including co-generation and tri-generation
plant, photo voltaic ar rays, and a h ydrogen fuel cell station to power , heat and cool public
buildings. Woking Borough Council energy supply projects and ac  hievements include:
I The UK’s fir st small-scale combined heat and power (CHP) heating and heat-fired
absorption cooling system.
I The fir st local authority pri vate wire (direct supply to householder s) residential CHP and
renew able energy systems.
| The largest domestic integrated photo  voltai c/CHP installations, and the fir st local
sustainable community energy system.
I The fir st fuel cell CHP system and the fir st public-pri vate joint venture ESCO .

Since 1990, these in vestments have allowed the Council to nearly halve its energy use, while
also reducing carbon emissions within the Council’ s own buildings in 20 09 by 55 per cent.

Sources: Woking Borough Council’ sThameswey J oint Venture P roject . Woking Borough Council.

http: //wmww .woking.g ov.uk/en vironment/climat e/Gr eeninitiativ es/sustainablew oking/jointv .pdf;
Case Study 4. C-Plan. http: //www .carbonplanner .co.uk/case-st udies/vict oria%20w ay%?20.pdf ; Beacon
Case Study — Sustainable Energy . Woking Borough Council. The Beacon Scheme. IDeA.

http: //www .beacons.idea.g ov.uk/idk/aio/650662 ; Case study: Woking Borough Council . Low Carbon
Innovation Network. http://www .carbon-inno vation.com/discussion/viewt  opic.php?t=532 ;
Thameswey Limited website.  http://www .thamesw eygroup.co .uk/
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establishment of a MUSCO. Advantages include the utilisation of outputs of one
system as inputs of another (for example treated foul water as a source of non-potable
water), and solid waste as a potential energy resource. In addition, such integration
encourages holistic consideration of the impacts of utilities — f or example the energy
demand of water and waste processing facilities.

Box 10 Case study — Kronsber g, Hanno ver

Hannover in German y has gained comprehensi ve experience with green buildings (low

energy houses, retrofit ting, sustainable urban planning) and green districts, suc  h as the
Kronsberg district —a neighbourhood of o ver 3,500 homes that w as built as par t of the EXPO
2000 World Exposition.

Since 2006, Hannover has par ticipated in the act2 (* Action of Cities to Mainstream Energy
Efficient Building and R enewable Energy S ystems across Europe ) project, par t of the EU
CONCERTO initiati ve. To date, the Kronsberg district has had numerous successes in

renew able energy and low energy house standards and has ac  hieved more than a 60 per
cent reduction in CO , emissions relati ve to con ventional new developments. The programme
also features quality assurance and post-occupancy monitoring to establish the actual CO 2
reductions ac hieved by the energy strategy . Kronsberg developer s have also distributed
handbooks on various topics, including ventilation, heating tec hnologies, and general
information for resident s/users.

In November 20 07 enercity , the public utility of the City of Hanno  ver, opened a Community
Wood Energy Centre, serving as a distribution centre for wood pellets, woodc hip and split

log timber from the local forest.  The Centre has tested wood pellets as an option to replace

coal as fuel for the GKH power plant in Stoc  ken. Since the star t of the CONCERTO project, the
GKH power plant has produced 1,40 0MWh of district heating per year using renew  able
sources (wood pellets) instead of natural g as, saving 30 Otonnes of CO , emissions per year .

Sources: EU CONCERTO initiati ve website. http://www .concertoplus.eu ; EU act2 project website.
http: //www .concerto-act2.eu/ . Enercity . http: //www .enercity.de
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ongoing management

Eco-towns will initially be judged on achieving the zero carbon goal in theory, based on

emissions calculated at design stage and on completion. Whether they realise this

promise in practice will depend on:

I The behaviour of householders and the owners and occupiers of nhon-domestic
buildings.

I The maintenance over time of demand le vels, efficiency, LZC energy generation, etc.
that contribute to the ac hievement of the z ero carbon target.

I Maintaining and increasing the sustainable biomass fuel supply that is likely to play a
role in many zero carbon strategies, extending to issues arising from the managed
green infrastructure network in and around eco-towns where appropriate.

This presents a challenge and potentially innovative new roles for:

| Designers — in producing buildings that are intuitive and easy to use and maintain, in
line with the original low carbon design concept; in providing better estimates of
energy use, by including all the energy uses in energy models and running a model
based on realistic operating hours, occupancy levels and build quality; and in
implementing ideas like a ‘soft landings’ service, which ensures that buildings are
properly handed over and that design teams are involved in the first months of
occupation to fine-tune non-domestic buildings and undertake seasonal
commissioning and training of users.

| Developers — in preparing user-friendly building user guides that set out in non-
technical language how to get the best out of buildings; and in procuring controls
that are simple and intuitive to use, particularly in non-domestic buildings to allow
building operators to optimise perf ormance and occupiers to have some control over
their environment. This can be as simple as labelling banks of light switches so that
everyone knows whic h ones to turn off and on.

I Eco-towns promoters — through ESCOs or a community trust or similar body which
would take a role in education for low carbon lifestyles. This could include educating
individuals and promoting a cultural shift in the w ay that communities vie w energy
use, thus ensuring that w e get the most from ne w technologies and the built
environment in terms of energy ef ficiency.

A further consideration here is that active engagement on these issues w ould have to
be balanced against the occupiers rights to ‘quiet enjo yment’ and to mak e their own
lifestyle choices without un warranted interference. But practical issues such as
maintenance of low carbon infrastructure and component equipment in individual
buildings should not cause problems.

signposts to guidance and
standar ds

8.1 Recommended guidance and r efer ence sour ces

The period over which eco-towns are planned and will begin to be built will coincide with
a period in which the property sector — both developers and regulators — gears up for the
universal introduction of zero carbon development st andards. The Standard Assessment
Procedure (SAP)for dwellings and Building Regulations Part L are due to be updated,
and zero carbon definitions for homes and non-domestic buildings will be finalised.

With so many changes in prospect, keeping track of issues affecting eco-town zero
carbon strategies will be import ant in determining, reviewing and optimising those
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strategies over time. The following organisations are sources of key information,
standards, guidance and case stdies:

| Zero carbon and r elated policy , definitions, regulations, etc.:
| Department for Communities and Local Government — Eco-towns PPS, Planning
and Climate Change PPS zero carbon policy for homes and non-domestic
buildings, updates to Building Regulations Part L, standard calculations for energy
use and carbon emissions (SAP and SBEM).
I Homes and Communities Agency — requirements for homes built with public funds.

I Guidance on aspects of z ero carbon str ategy:

| Energy Saving Trust — energy efficient design of homes 1 and the application of
LZCs.

| CarbonTrust — energy efficient design of non-domestic buildings.

| Zero Carbon Hub.

| Department of Energy and Climate Change — How to Guide for Community
Energy to be available from early 2010. (The Government has provided funding for
DECC to develop a guide which will help anyone looking to install renewable and
low carbon heat and electricity generating technologies at a community scale.)

I Building design standar ds addr essing ener gy and carbon emissions:
| PassivHaus UK - PassivHaus standard.
I Passivhaus Buildings — a not-for-profit organisation working to provide leadership in
the delivery of low energy, low carbon buildings.12
| Department for Communities and Local Government, and BRE — Code for
Sustainable Homes 13

| Examples of lo w/z ero carbon dev elopment:
I Homes and Communities Agency (formerly English Partnerships) — Carbon
Challenge sites.
| European Energy Eficiency and Renewable Energy Demonstration Projects
I European Commission — CONCERTO initiative.
I C40 Cities (Climate Leadership Group).

8.2 Relationship with other Eco-to  wns Wor ksheets

The issues addressed in this Worksheet are particularly related to the Housing and
Waste Management Worksheets and should be read in conjunction with the Eco-towns
Worksheet series, which includes:
| Biodiversity: Biodiversity Positive.
http: //www .tcpa.or g.uk/pag es/biodiv ersity .html
I Community: Towards Sustainable Communities.
http: //www .tcpa.or g.uk/pag es/community -development.html
I Economy: Developing Effective Economic Strategies for Eco-towns.
http: //www .tcpa.or g.uk/pag es/econom y.html
I Green Infrastructure: The Essential Role of Green Infrastructure.
http: //www .tcpa.or g.uk/pag es/gr een-infr astructure.htmi
I Housing: Creating Low Carbon Homes for People in Eco-towns.
http: //www .tcpa.or g.uk/pag es/sustainability -w orksheets-housing-81 .html
I Inclusive Design: Applying Inclusive Design Principles to Eco-town Development.
http: //www .tcpa.or g.uk/pag es/inclusiv e-design.html
| Transport: Design to Delivery.
http: //w .ww .tcpa.or g.uk/pag es/tr anspor t.html
| Waste Management: Towards ZeroWaste.
http: //www .tcpa.or g.uk/pag es/t ow ards-zero-w aste.html
I Water Cycle: Sustainable Water Management.
http: //www .tcpa.or g.uk/pag es/w ater-manag ement.htmi
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glossar vy

Items in italics are quoted directly from Definition of Zero Carbon Homes and Non-
domestic Buildings: Consultation.

Allo w able solutions:

Carbon compliance:

Embodied carbon:

Emissions f actor:

Energy efficiency bac kstops:

LZCs:

Part L:

Regulat ed emissions:

Residual emissions:

TER:

Unregulat ed emissions:

The measures permitted, taken from an official list, for
dealing with residual emissions remaining after taking
account of carbon compliance measures.

The minimum le vel of carbon reductions, compared
with current Building Regulations, to be achieved on-
site (through a combination of energy efficiency and
any low and zero carbon energy generation onsite) and
through direct connection of low and zero carbon heat
(i.e. not necessarily on-site) to the building.

Carbon emissions arising from the extraction and
manufacture of materials, their delivery to site, and
during construction.

The quantity of carbon emissions arising from
delivering each kWh of energy, expressed in units of
kilogrammes of CO,, per kWh.

Minimum st andards of energy efficiency relating to the
thermal performance of the building fabric and
envelope (for example U-values, the heat loss
parameter, air tightness), heating ventilation and air
conditioning systems (for example minimum limits f or
boiler efficiency, specific fan power), and overall
building energy efficiency.

Low and zero carbon technologies.

Part L (conservation of fuel and power) of Schedule 1
to the Building Regulations.

The emissions associated with energy use in homes
that are currently addressed via Part L, i.e. space
heating, ventilation, hot w ater and fixed lighting.

The total level of annual carbon dioxide emissions
associated with energy uses in the home (both from
regulated emissions and cooking and appliances)
remaining after taking account of carbon compliance
measures.

The Target Emissions Rate (TER) is the maximum
emission rate allowed for the building given its size and
form and choice of heating fuel, determined using a
standard calculation method (SAP for dwellings and
SBEM for non-domestic buildings).

All other emissions not covered by Part L — for
example cooking and appliances in homes, catering
and IT in offices and other commercial buildings, plus
display lighting in retail buildings, and process loads in
industrial buildings.



