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FOREWORD

About

INTEGRATION provide building services and environmental design consultancy for architects,
developers and private clients.

INTEGRATION was founded on the principle that for buildings to be sustainable its designers must
integrate sustainability into their day-to-day design processes and ongoing learning and development
programmes.

About the author:

ALAN HARRIES - BEng PhD MEI CEnv

As a Director of Integration, Alan brings fifteen-years’ experience spanning sustainable building and
energy design, development, implementation and post-occupancy evaluation.

He has worked on several prestigious developments such as one of the first BREEAM “Excellent”
buildings (The National Assembly of Wales) and one of the first BREEAM “Outstanding” buildings (the
London School of Economics Student Centre) as well as major international developments such as
Central Market and the Zayed National Museum in Abu Dhabi. He also led the technical development
of the Blind Light exhibition for artist Antony Gormley. He has studied the real-world energy
performance of large commercial buildings and carried out numerous energy audits for clients such
as the Crown Estate.

He has a 1st Class Degree and PhD in engineering, is a Chartered Environmentalist (CEnv) and a
member of the Energy Institute (MEI) and has been lecturing for over ten years at one of the leading
architectural schools, the Architectural Association in London, to Sustainable Environmental Design
(SED) Masters students and undergraduates. He was the lead author of the Urban Wind Energy book
and the journal paper: “London 2012 Velodrome — integrating advanced simulation into the design
process”. The main industry body, CIBSE, now use examples of his project work to exemplify best
practice building simulation in their latest industry guides.
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EXECUTIVE SUMMARY

This energy assessment has been prepared by Integration Consultancy Limited in support of the
planning application for the proposed refurbishment and extension at 5 Denmark Street in the London
Borough of Camden.

National, Regional and Local Policy, in particular the London Plan 2016 and the Borough of Camden
development management policies, outline main aspects which should be addressed in the planning
application for the proposed development. In line with these policies, the development’s energy
aspirations are to minimise COz through aspects such as a high-performance fabric and achieve
renewable energy deployment which meets 20% of the CO:2 emissions associated with the
development’s regulated energy demand where feasible.

For the new residential areas the proposed design achieves a 25.2% carbon dioxide emissions
reduction compared to the building regulations Part L1B (2013) baseline. The breakdown in
accordance with the London Plan’s energy hierarchy is shown below.

The renewable energy contribution of the scheme is 20.6% of the CO. emissions from the total

regulated energy demand (Be Lean”) of the new residential areas compared with a target of 20%. This
is achieved using 3.48kW,eak Of solar photovoltaic (PV) modules located at roof level.

nnnnn

Regulated CO, emissions (kg/annum)

Be Lean Be Clean Be Green

mmmm Begulated Emissions Saving
= = = Part L1B 2013 Target Emission Rate - — = Total 25.2% savings

Figure 1: Summary of the scheme’s regulated energy use as compared to the CO. emission baseline and target

The table below shows the regulated energy use for the residential units.

Carbon dioxide emissions for residential units
(Tonnes CO: per annum)

Location

Baseline: Part L 2013 (Building Regulations) Compliance 7.64
After “Be Lean” (energy demand reduction) 7.20
After “Be Clean” (heat network / CHP / chiller plant) 7.20
After “Be Green” (renewable energy) 5.71

Table 1: Residential regulated CO2 emissions after each stage of the Energy Hierarchy




This performance can be expressed as savings between each stage in the energy hierarchy.

Regulated residential carbon dioxide savings

Location (Tonnes CO2per annum) (%)
Savings from “Be Lean” (energy demand reduction) 0.44 5.7%
Savings from “Be Clean” (heat network / CHP / chiller plant) 0.0 0.0%
Savings from “Be Green” (renewable energy) 1.49 19.5%
Cumulative on site savings 1.92 25.2%

Table 2: Residential regulated CO, emissions savings after each stage of the Energy Hierarchy.




1 INTRODUCTION

Integration Consultancy Limited have been appointed to undertake an energy assessment in support
of the full planning application for the proposed development at 5 Denmark Street in London. The
report is one of several that accompany the planning application and should be read in conjunction
with these documents.

The importance of developing a robust well-considered energy strategy cannot be overstated. This
strategy sets out the roadmap for the entire project and ultimately the success of the strategy will
translate into success of the building’s performance on practical completion and throughout its
lifecycle.

Underpinning the energy strategy is the ‘Be Lean’, ‘Be Clean’ and ‘Be Green’ design framework which
has been widely adopted e.g. in the London Plan.

1. ‘Belean’ (energy demand minimisation through ‘passive’ and ‘active’ design measures)
2. ‘Beclean’ (efficient energy supply)
3. ‘Begreen’ (renewable energy generation where feasible)

This report sets out the scheme’s energy targets and demonstrates, via the approved calculation
methodologies, how these will be achieved through the detailed design and construction stages.

PROPOSED DEVELOPMENT OVERVIEW
The site is located at 5 Denmark Street, London, WC2H 8LP, in the Borough of Camden.

The proposed development involves the refurbishment and extension of a listed early Georgian 4-
storey building. The listing includes for the protection of the brick fagade and glazing on Denmark
Street.

The project includes changing the existing office use (B1) to provide residential units (C3) on upper
floors, adding a mansard roof and some minor alterations to the retail areas.

The proposed accommodation is summarised below. The total area for the residential units is 328m?2.

Floor Existing Proposed

Third and Fourth Office Residential 3-Bedroom including extension
Second Office Residential 2-Bedroom including extension
First Office Residential 2-Bedroom

Ground Retail Retail

Basement Retail Retail

Table 3: Summary of the proposed development

ENERGY TARGETS

The scheme will comply with the building regulation but aims to improve on the requirements for Part
L1B 2013 where feasible. Approved Document L1B applies to extensions and “where a dwelling is
being created on an existing building as the result of a material change of use of all or part of the
building.”

In terms of local renewable energy generation, the target is a reduction of CO2 emissions from
regulated energy demand of 20% where feasible.




2 POLICY REVIEW

NATIONAL PLANNING POLICY FRAMEWORK (NPPF)

Section 10 of the NPPF relates to the challenge of climate change and flooding. Of particular relevance
is paragraph 95 which supports the move to a low carbon future and states that local planning
authorities should:

- plan for new development in locations and ways which reduce greenhouse gas emissions;
- actively support energy efficiency improvements to existing buildings; and

- when setting any local requirement for a building’s sustainability, do so in a way consistent
with the Government’s zero carbon buildings policy and adopt nationally described
standards. (NB: The Government since withdrew the commitment to zero carbon homes).

The Government introduced an ‘optional’ housing standard related to water consumption in Building
Regulations Part G which requires the consumption of wholesome water in a new dwelling not to
exceed 110 litres per person per day.

LONDON PLAN 2016

Regional policy in London is controlled by The Greater London Authority and is set out in The London
Plan adopted in March 2016. The Plan sets out policy and guidance in the London context and
identifies a number of objectives related to improving London as a workplace and living place.
Additional guidance is provided by “Energy Planning, Greater London Authority guidance on
preparing energy assessments” (March 2016).

The dominant condition stipulated in terms of energy and sustainability is for all major developments
to achieve at least a 35% reduction in regulated carbon dioxide emissions beyond the minimum
targets stated in Part-L 2013 of the Building Regulation.

Although the proposed scheme is not a major development the policy guidance is important as it sets
the direction for all developments.

For residential accommodation, the London Plan has adopted “Zero Carbon” from 1t October 2016.
The remaining regulated carbon dioxide emissions to 100% are to be off-set through a cash-in-lieu
contribution to the local borough to secure delivery of carbon dioxide savings elsewhere.

In addition, The London Plan states that all major development proposal will seek to reduce carbon
dioxide emissions by at least 20 per cent through the use of on-site renewable energy generation
wherever feasible.

The concept of sustainable development is cardinal to all policies within the London Plan which covers
areas such as Places, People, Economy, Response to Climate Change, Transport, and Living Places
and Spaces. Chapter 5 of the London Plan sets out a range of policies in relation to climate change,
including climate change mitigation and adaptation, waste, aggregates, contaminated land and
hazardous substances.

Key policies within the London Plan applicable to the proposed development are:

POLICY 5.2 -MINIMISING CARBON DIOXIDE EMISSIONS

Planning Decisions

A Development proposals should make the fullest contribution to minimising carbon dioxide emissions in accordance
with the following energy hierarchy:
1 Be lean: use less energy
2 Be clean: supply energy efficiently

3 Be green: use renewable energy




B The Mayor will work with boroughs and developers to ensure that major developments meet the following targets for
carbon dioxide emissions reduction in buildings. These targets are expressed as minimum improvements over the
Target Emission Rate (TER) outlined in the national Building Regulations leading to zero carbon residential buildings
from 2016 and zero carbon non-domestic buildings from 2019.

Residential Buildings:

Year Improvement on 2010 Building Regulations
2016 - 2031 Zero carbon (from 1 October 2016)
C Major development proposals should include a detailed energy assessment to demonstrate how the targets for

carbon dioxide emissions reduction outlined above are to be met within the framework of the energy hierarchy.
D As a minimum, the energy assessment should include the following details:

a) calculation of the energy demand and carbon dioxide emissions covered by Building Regulations and,
separately, the energy demand and carbon dioxide emissions, that are not covered by the Building Regulations
at each stage of the energy hierarchy

b) proposal to reduce carbon dioxide emissions through the energy efficient design of the site, building and
services

c) proposals to further reduce carbon dioxide emissions through the use of decentralised energy where feasible,
such as district heating and cooling and combined heat and power (CHP).

d) proposals to further reduce carbon dioxide emissions through the use of on-site renewable energy technologies.

E The carbon dioxide reduction targets should be met on-site. Where it is clearly demonstrated that the specific targets
cannot be fully achieved on-site, any shortfall may be provided off-site or through a cash in lieu contribution to the
relevant borough to be ring fenced to secure delivery of carbon dioxide savings elsewhere.

POLICY 5.7 - RENEWABLE ENERGY

5.42 There is a presumption that all major development proposals will seek to reduce carbon dioxide emissions by at least
20 per cent through the use of on-site renewable energy generation wherever feasible.

The London Plan states that “This approach will also help ensure that the development industry in
London is prepared for the introduction of ‘Nearly Zero Energy Buildings’ by 2020” (as required by
the European Energy Performance of Buildings Regulation which requires periodic review of Building
Codes to ensure cost optimal review of energy efficiency standards and that all new buildings are
‘nearly zero energy buildings’ by 2020).

The “Energy Planning, Greater London Authority guidance on preparing energy assessments” (March

2016), provides the definition of Zero Carbon:

ENERGY PLANNING. Greater London Authority guidance on preparing energy assessments (March 2016)

Definition

5.3 ‘Zero carbon’ homes are homes forming part of major development applications where the residential element of the
application achieves at least a 35 per cent reduction in regulated carbon dioxide emissions (Beyond Part L 2013) on-
site. The remaining regulated carbon dioxide emissions, to 100 per cent, are to be off-set through a cash in lieu

contribution to the relevant borough to be ring fenced to secure delivery of carbon dioxide savings elsewhere (in line
with policy 5.2E).

Other key policies within the London Plan applicable to the proposed development and addressed in
this report are:

5.3 — Sustainable Design & Construction

This provides guidance on issues related to air pollution and minimum emission standards for
combustion plant.

5.3 - Sustainable Design & Construction




Emissions standards have been developed based on the latest technology, viability and the implication for carbon dioxide
emissions of any abatement measures to reduce the NOx and PM10 emissions from the plant. The emission standards are
provided in Appendix 7 and are target minimum standards. Plant proposed within developments is to comply with these
standards, in addition to the development meeting the overall ‘air quality neutral’ benchmarks.

= 5.6 — Decentralised Energy in Development Proposals
= 5.8 - Innovative Energy Technologies
= 5.9 - Overheating & Cooling

This section states that Major development proposals should reduce potential overheating and
reliance on air conditioning systems and demonstrate this in accordance with the cooling hierarchy.

= 5,15 - Water Use & Supplies

This provides additional guidance on water consumption:
5.15 — Water Use & Supplies

Policy 5.15 B “designing residential development so that mains water consumption would meet a target of 105 litres or less
per head per day”. (Footnote 24: Excluding an allowance of 5 litres or less per head per day for external water consumption)

LOCAL BOROUGH RELEVANT POLICIES
Camden’s Core Strategy 2010-2015 (Local Development framework) Chapter 13 set out key policy
for energy.

CS13. Tackling climate change through promoting higher environmental standards

Ensuring developments use less energy

13.8 A building’s use, design, choice of materials and other measures can minimise its energy needs during both
construction and occupation. The Council will encourage all developments to meet the highest feasible environmental
standards taking into account the mix of uses, the possibility of reusing buildings and materials and the size and location of
the development. In addition to design and materials, a building’s internal heating and cooling design, lighting and source
of energy can further reduce energy use. Policy DP22 — Promoting sustainable design and construction in Camden
Development Policies provides further guidance on what measures can be implemented to achieve an environmentally
sustainable building. The Building Research Establishment’s Environmental Assessment Method (BREEAM) and the Code
for Sustainable Homes provide helpful assessment tools for general sustainability. Further details on these assessment tools
can be found in Development Policy DP22 and our Camden Planning Guidance supplementary document.

13.9 Camden’s existing dense built form with many conservation areas and other heritage assets means that there are often
limits to the contribution that orientation, height and footprint can make towards the energy efficiency of a building. This
dense character, along with the varying heights of buildings in central London, can also make the installation of various
technologies, including renewable energy technologies more difficult. For example, the efficient use of photovoltaics in
Central London can be constrained by overshadowing from taller buildings. We will expect high quality and innovative design
to help combat these constraints. Energy efficiency measures relating to heritage assets will be welcomed provided that
they do not cause harm to the significance of the heritage asset and its setting. The refurbishment of some existing properties
in the borough, such as Camden’s EcoHouse in Camden Town and a home in Chester Road in Highgate have demonstrated
how Victorian properties can be upgraded to meet Level 4 of the Code for Sustainable Homes energy performance
standards. Given the large proportion of development in the borough that relates to existing buildings, we will expect
proportionate measures to be taken to improve their environmental sustainability, where possible. Further details on this
can be found in our Camden Planning Guidance supplementary document.

Making use of energy from efficient sources

13.10 Once a development has been designed to minimise its energy consumption in line with the approach above, the
development should assess its remaining energy needs and the availability of any local energy networks or its potential to
generate its own energy from low carbon technology. The Council’s full approach to local energy generation and local energy
networks is set out below (paragraphs 13.16 — 13.22).

Generating renewable energy on-site

13.11 Buildings can also generate energy, for example, by using photovoltaic panels to produce electricity, or solar thermal
panels, which produce hot water. Once a building and its services have been designed to make sure energy consumption
will be as low as possible and the use of energy efficient sources has been considered, the Council will expect
developments to achieve a reduction in carbon dioxide emissions of 20% from on-site renewable energy generation
(which can include sources of site-related decentralised renewable energy) unless it can be demonstrated that such
provision is not feasible. Details on ways to generate renewable energy can be found in our Camden Planning Guidance
supplementary document.




Chapter 2 of Camden's Planning Guidance states that developments involving 5 or more dwellings
and/or 500sgm (gross internal) or more are required to submit an energy statement which
demonstrates how carbon dioxide emissions will be reduced in line with the energy hierarchy.

SUMMARY OF KEY ENERGY POLICY REQUIREMENTS

A reduction in carbon dioxide emissions of 20% from on-site renewable energy generation unless it can be demonstrated
that such provision is not feasible.



https://www.camden.gov.uk/ccm/cms-service/download/asset?asset_id=2706623

3 DESIGN APPROACH

Sustainability will be integral to the design, construction, operation and performance of the proposed
development.

We adopt the definition of Sustainable Development as defined by the Sustainable Design and
Construction Supplementary Planning Guidance (SPG - April 2004): “Development that meets the
needs of the present generation without compromising the ability of future generations to meet their
own social, economic and environmental needs”. Furthermore, we consider the essence of
Sustainable Development to be the creation of spaces from which all life can flourish and its full
potential realised. This means creating beautiful, functional spaces that support health and well-being
as well as social and environmental development whilst at the same time addressing key long-term

issues such as those capture by the Mayor’s strategic targets as set out below.

The proposal actively addresses each aspect and is summarised as follows:

Mayor’s Strategic Targets

(Sustainable Development)

Sustainability Strategy

(How the proposed development contributes to Mayor’s
Targets)

CO2 EMISSIONS

An overall reduction in London’s carbon dioxide emissions of 60 per
cent (below 1990 levels) by 2025

v Exceeds CO:; target of Part L1B 2013

v’ Beneficial “Crossflow” natural ventilation via the dual
aspect nature of the units which facilitate fresh air supply and
free night-cooling of exposed thermal mass in summer.

v Smart meters for energy monitor with guidance
documentation for occupants including energy benchmarks.

DECENTRALISED ENERGY

25% of the heat and power used in London to be generated through
the use of localised decentralised energy systems by 2025

v’ Solar PV panels.

BIODIVERSITY

Increase the amount of surface area greened in the Central Activities
Zone by at least five per cent by 2030, and a further five per cent by
2050 and increase London’s tree cover by five per cent by 2025

v Areas of greenery can now be created on the new balcony
areas.

AIR QUALITY
Contribute to the achievement of EU limit values for air pollution

v’ Excellent public transportation links

RECYCLING

95% of construction, demolition and excavation waste is
recycled/reused by 2020, and that 80% recycling of that waste as
aggregate

v’ Construction, demolition and excavation waste recycling
requirement in contractor specification (construction waste
management plan).

Table 4: Sustainability strategy in relation to Mayor’s Strategic Targets




Additional aspects related to sustainable development are summarise below:

Additional sustainable development Issues Sustainability Strategy

WATER USE

On average Londoners use approximately 167 I/p.day (litres of potable
water per person per day). This is 14% more than the England and
Wales average, despite London already being in one of the driest parts
of the country. Part G of building regulation requires 125 |/p.day and
110 I/p.day where required by planning condition such as in London
(105 litres or less per head per day excluding an allowance of 5 litres or
less per head per day for external water consumption)

v Low flow taps, showers, WCs and (where fitted)
dishwashers / washing machines as required to meet the
target of 105 litres or less per head per day excluding an
allowance of 5 litres or less per head per day for external
water consumption.

HEAT ISLAND EFFECT AND OVERHEATING v Low risk overheating design utilising natural cooling of

The heat island effect in dense urban areas increases discomfort and exposed thermal mass.

energy use (for cooling). With continued climate change this is expected v° SAP 2012 identifies no high risks of overheating. See
to become a significant issue. Appendix A for additional overheating checklists.

FLOOD RESILIENCE

When it rains heavily, the sewer interceptors overflow 60 times a year,  na
releasing 39 million cubic metres/tonnes of diluted but untreated
sewage into the Thames.

Table 5: Sustainability strategy in relation to additional sustainable development issues

THE ENERGY HIERACHY
The energy hierarchy, as referred to in the London Plan and illustrated below, sets out a three-stage
approach to strategic decision-making for the reduction of energy and associated carbon emissions.

+ BE GREEN - Use Renewable Energy

Energy supply derived from local renewable resources
including solar irradiation, wind energy, hydropower and
local heat sources such as geothermal energy. Provision of
non-local options can also be considered.

Efficient energy provision for space heating and cooling
infrastructure e.g. high efficiency cooling plant, combined
heat and power (CHP) or, if available, connection to a
district heating/cooling networks.

BE LEAN - Minimise Energy Demand

Passive design such as optimising form, orientation and
—— site layout, natural ventilation with thermal mass, daylight
Igl ‘ m’ // |\\ and solar shading as well as active design measures such
as LED lighting and efficient mechanical ventilation with
heat recovery.

ENERGY HIERARCHY
Figure 2: Energy Hierarchy Methodology

This approach aims to reduce the energy consumption and consequent carbon emissions of the
development while maintaining quality and without compromising occupant wellbeing and comfort.

This is achieved by developing design strategies that respond to the opportunities and challenges of
the site within the context of the local climate and environment as well as implementing a highly-
efficient energy infrastructure that integrates on-site renewable energy sources.

Energy demand and annual carbon emissions are calculated using BRE accredited energy
compliance Stroma for SAP 2012 for the residential areas. The analysis involves calculating CO:
emissions for the “Be Lean”, “Be Clean” and “Be Green” scenarios relative to the base case (Part
L1B) from “regulated” energy (e.g. space heating, hot water, cooling, lighting, pumps and fans).

" October 2013 updated June 2014 to include RASAP 2012 and with minor corrections December 2014.




ENERGY CALCULATION METHODOLOGY
Part L1B compliance can be achieved by following the elemental requirements for:

e Thermal elements (which covers wall, floor or roof)
e Controlled fittings (window, rooflight or door)

e Controlled services (heating and hot water systems, insulation, mechanical ventilation,
mechanical cooling and air conditioning, fixed internal and external lighting and renewable
energy systems).

Retained thermal elements can meet Part L1B requirements (Table 3) by improving U-values where
they are above threshold levels. This is provided it is technically, functionally and economical feasible
for example achieving a simple payback of 15 years or less.

Windows that have a U-Value higher than 3.3 W/m?.K can comply by upgrading in line with Part L
requirements. However, as the scheme has listed fagade areas of single glazing these will be retained
as part of the scheme.

To provide design flexibility, SAP 2012 can be used to demonstrate that the total CO2 emissions for
all the dwelling in the building as it will become are no greater than if each dwelling had been improved
following the guidance set out in Part L paragraph 4.15

Therefore SAP 2012 has been used to compare the performance of the proposed scheme to the Part
L1B baseline and the calculation carried out in stages according to the Energy Hierarchy.




4 ENERGY - “BE LEAN”

The incorporation of appropriate passive and active energy efficiency measures can significantly
reduce energy demands. These measures are often integral to the building form and fabric and cannot
be readily remedied or retrofitted once the building has been constructed.

The augmentation of these design strategies begins by identifying site-specific challenges and
opportunities, considering the microclimate, location and surroundings and applying them to the
building form, fagade and orientation.

CLIMATE ANALYSIS
The London climate is heating dominated, hence the key passive measure to be implemented are
high levels of insulation and air-tightness. Temperatures in the summer can occasionally rise above

comfortable levels and this will tend to intensify as a consequence of the climate change and further
urbanisation.

The diurnal temperature variations are high with an average daily temperature swing of 8-10°C even

during peak summer. This creates potential for passive summertime cooling using night-time cooling
via openable windows.
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Figure 3: Average historic climate data for London

BUILDING FABRIC PERFORMANCE & INSULATION

High levels of insulation are proposed as summarised later in this section. The thermal performance
of all exposed elements equals or exceeds the minimum requirements for Building Regulations 2013.
This will significantly reduce energy consumption and ensure optimum occupant comfort all year
round by retaining heat in the winter and reducing heat gains in the summer.

AIR TIGHTNESS & INFILTRATION

Air-permeability will comply with Part L standards and testing procedures shall be performed in
accordance with the recommendations set out in CIBSE TM 23 and the ATTMA TS1.




THERMAL BRIDGING
Minimising thermal bridging is an important aspect of the design. The approach to limiting thermal
bridging is to implement Accredited Details to the extension areas where feasible.

NATURAL VENTILATION & THERMAL MASS

Daytime natural ventilation is essential to remove excess heat during the summer months and enables
the provision of high air quality. When used in combination with exposed thermal mass, natural
ventilation will reduce high internal daily temperature fluctuations and minimise the overheating risk
in the summer. Therefore, occupant comfort can be maintained with reduced reliance on mechanical
cooling systems.

During summer, when the building is occupied, windows and patio doors can be opened on both
aspects creating beneficial cross-flow ventilation.

SOLAR EXPOSURE AND DAYLIGHT

Maximising exposure to solar energy and daylight is essential to reduce reliance on artificial lighting,
reducing winter daytime heating requirements and to contribute to the general wellbeing of
occupants.

The site has relatively good access to solar energy and natural daylight, as the surrounding buildings
are not overly dominating. As such, the roof is suitable for solar energy harvesting.

Fenestration on the facades are sized and located to maximise natural daylight to provide amenity
and reduce artificial lighting energy use. Internal shading will be incorporated to minimise the risk of
overheating and glare without overly compromising daylight availability.

It is recommended that the glazed areas are kept below 25% of the floor area. The proposed scheme
achieves this standard as shown in the table below.

Floor Accommodation Glazing Area (m?) Glazing Ratio
Fourth Residential 3 Bedroom (upper level) 17.9 24%
Third Residential 3 Bedroom (lower level) 14.2 16%
Second Residential 2 Bedroom 23.2 17%
First Residential 2 Bedroom 24.0 17%
Ground Retail 21.4 15%

Table 6: Summary of glazing ratio by floor

ACTIVE BUILDING SERVICES SYSTEMS
All building services systems will be in accordance with, and where possible exceed, the energy
minimum requirements of efficiency outlined in the Building Service Compliance Guide 2013.

The heating and hot water distribution will be provided to the residential units via a local high-
efficiency gas-fired boilers with full temperature and time control as well as local radiator controls
using TRVs.

Each residential unit will be provided with high-efficiency mechanical ventilation.

Low-energy fixed lighting, generally comprising of high efficacy LED fittings will be installed.

As part of the “Be Lean” approach, seeking to minimise energy demand, the building fabric has been

specified to meet or exceed the minimum fabric parameters outlined in Part L of the Building
Regulation 2013 as per table below.




RESIDENTIAL

Element BASELINE PROPOSED
Proposed Units using Building Proposed Scheme using Building
Regulations 2013 Part L1B Regulations 2013 Part L1B for change of

use and Part L1A notional building
parameters for residential extensions.

U Value (W/mZK) U Value (W/mZK)

Existing External Walls 0.3 0.3

Existing Ground Floor 0.25 0.11

Existing Flat Roof 0.18 0.18

Existing Windows 6.0" 6.0

Existing External Doors 1.8 1.8

New External Walls 0.28 0.18

New Ground Floor 0.22 0.13

New Flat Roof 0.18 0.13

New Windows 1.6 1.4

New Doors 1.8 1.2

Lighting efficiency 75% of fittings 100% of fittings

Combination gas boiler seasonal 0.88% 0.88%

efficiency SEDBUK 2009

Gas boiler control Boiler interlock, time and temperature Boiler interlock, time and temperature control
control and TRVs on radiators and TRVs on radiators

Extractor fan power 0.5 IW/I.s for intermittent extract 0.5 W/l.s for intermittent extract ventilation
ventilation

Table 7: “Be Lean” Fabric Improvements and Baseline Comparison for Residential Units

* conservative estimate of the performance of the existing single glazing on the listed fagade.

The total “Be Lean” CO2 emission associated with regulated and unregulated energy consumption for
the both the residential and commercial units are summarised below.

“BE LEAN” CARBON EMISSIONS SUMMARY
Regulated Carbon

Emissions Percentage
Target (kg.CO2/yr.) Improvement
Baseline Emissions 7.64 -
Be Lean 7.20 5.7%
Be Clean - -
Be Green - -

Table 8: Summary of Total “Be Lean” and Baseline Carbon Emissions




5 ENERGY - “BE CLEAN”

GAS FIRED COMBINED HEAT AND POWER (CHP)
Whilst MicroCHP units are available CHP is not generally recommended for small developments. The
GLA guidance suggests that the following developments need not install CHP:

e Small-medium residential development (less than 500 apartments)

¢ Non-domestic developments with a simultaneous demand for heat and power less than 5000
hours per annum (offices/schools)

Therefore, CHP is not considered a viable option for this development.

GAS FIRED COMBINATION BOILERS
The units will benefit from highly efficient combination boiler. Combination boilers are generally
deemed more efficient for small dwelling as the water use is relatively low and tank losses are avoided.

“BE CLEAN” CARBON EMISSIONS SUMMARY

Regulated Carbon

Emissions Percentage
Target (kg.CO2/yr.) Improvement
Baseline Emissions 7.64 -
Be Lean 7.20 5.7%
Be Clean 7.20 0.0%

Be Green - -

Table 9: Summary of Total “Be Clean” Carbon Emissions




6 ENERGY - “BE GREEN”

A renewable energy feasibility exercise has been carried out in order to determine the most viable
options that would allow the proposal to achieve the renewable energy target of 20% COz reduction
relative to the overall energy demand requirements.

The viable technology option(s) are presented below.

PHOTOVOLTAICS
Technical Overview

Solar photovoltaic (PV) modules convert sunlight into electricity. PV is distinct from other renewable
energy technologies since it has no moving parts to be maintained and is silent. PV systems can be
incorporated into buildings in various ways such as on sloped or flat roofs, in facades, atria and as
shading devices.

There has been significant deployment of roof-mounted PV in the UK which has been driven by the
government’s Feed in Tariff scheme which rewards owners for each unit of electricity produced over
20 years and is available for new schemes until 15t April 2019. Costs have fallen dramatically as a
result of growing global uptake and continue to fall. Typical module efficiencies of crystalline PV,
which is now the dominate form of PV, are between 15-20% and improve incrementally year on year
as manufacturing develops.

Applicability to the Proposed Scheme
Due to the available roof area of the proposed development, solar PV would be a suitable technology
for deployment. The extent of the array proposed would be sufficient to meet the 20% renewable

energy contribution target.

A particular advantage of solar PV over other types of low and zero carbon technologies, is that the
running costs and maintenance requirements are very low.

For the reasons detailed above, solar photovoltaic technology is considered as a viable option for the
proposed development. It is proposed that the photovoltaic panels are located on the roof. The panels
will be orientated SW in order to maximise the amount of PV that can be deployed and avoid over
shading from the adjacent building. They will be installed with a tilt angle of 15-30° to allow for self-
cleaning (via rainfall). In total it is proposed to have high efficiency twelve PV modules which equates
to an installed capacity of 3.48 kWpeak.

Figure 4: Aerial site images showing little overshadowing risk for the proposed solar PVs




The overall summary of the renewable energy feasibility exercise is presented below.

Technology

Assessment / Viability

Wind Power

Wind turbine installed on the roof of
the development.

Due to the proximity to residential areas, the high cost per kW for smaller
building-mounted turbines and the impacts in terms of visual noise and
shadow flicker, wind turbines are not considered a viable technology for
the development.

CONCLUSION: NOT CONSIDERED FEASIBLE

Ground Source
Heat Pumps

Open or closed loop GSHP system
requiring extraction of ground water
and / or deep boreholes.

Low maintenance and no external visual or noise impact. However, there
are space restrictions.

CONCLUSION: NOT CONSIDERED FEASIBLE

Air Source Heat
Pumps

Electric powered external plant serving
each unit providing heating and
cooling

External units will have a negative visual impact if located on the fagade. If
the units are located on the roof there will be implications for the amount of
rooftop PV that can be deployed.

CONCLUSION: NOT CONSIDERED FEASIBLE

Solar Thermal Roof-mounted solar thermal panels Roofs have good potential for solar thermal energy collection. Solar hot

Collectors providing hot water heating water collectors would provide a significant proportion of domestic hot
water demand of the development. However, PV modules are favoured due
to the low maintenance requirements and the low hot-water demand.
CONCLUSION: NOT CONSIDERED FEASIBLE

Solar Roof mounted Photovoltaic panels Roofs have good potential for solar power generation. PV has low

Photovoltaic (PV) provide electricity directly to the maintenance requirements. PV electricity is clean and zero-carbon and will

Panels development, exporting any surplus offset carbon intensive grid power.

production to the grid. CONCLUSION: CONSIDERED FEASIBLE
Biomass Biomass-fired community heating Biomass heating is an established technology but has high maintenance
Heating system. requirements, fuel storage and delivery issues and is a source of increase

in pollution, notably particulates (PM10), SO, and NOx emissions.
CONCLUSION: NOT CONSIDERED FEASIBLE

Table 10: Summary of Low and Zero Carbon Study Analysis Results

“BE GREEN” CARBON EMISSIONS SUMMARY

Regulated Carbon

Emissions Percentage
Target (kg.CO2/yr.) Improvement
Baseline Emissions 7.64 -
Be Lean 7.20 5.7%
Be Clean 7.20 0.0%
Be Green 5.71 25.2%

Table 11: Summary of

Total “Be Clean” Carbon Emissions




7 Summary of CO2; Emissions Reduction

Using the approved methodologies, the proposed development has been shown to exceed energy
compliance requirement by 25.2% and exceed the renewable energy target of 20% in line with local

policy.
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Figure 5: Summary of the scheme’s regulated energy use as compared to the CO» emission baseline and target

The table below shows the regulated energy use for the residential units.

Carbon dioxide emissions for residential units
(Tonnes CO: per annum)

Location

Baseline: Part L 2013 (Building Regulations) Compliance 7.64
After “Be Lean” (energy demand reduction) 7.20
After “Be Clean” (heat network / CHP / chiller plant) 7.20
After “Be Green” (renewable energy) 5.71

Table 12: Residential regulated CO2 emissions after each stage of the Energy Hierarchy

This performance can be expressed as savings between each stage in the energy hierarchy.

Regulated residential carbon dioxide savings

Location (Tonnes COz2per annum) (%)
Savings from “Be Lean” (energy demand reduction) 0.44 5.7%
Savings from “Be Clean” (heat network / CHP / chiller plant) 0.0 0.0%
Savings from “Be Green” (renewable energy) 1.49 19.5%
Cumulative on site savings 1.92 25.2%

Table 13: Residential regulated CO, emissions savings after each stage of the Energy Hierarchy.




APPENDIX A: OVERHEATING CHECKLISTS

Section 1 - Site features affecting vulnerability to overheating Yes or No
Site location Urban - within central London or in a high-density conurbation Yes
Peri-urban - on the suburban fringes of London No
Air quality and/or Noise sensitivity — are Busy roads / A roads Yes
any of the following in the vicinity of
buildings? Railways / Overground / DLR No
Airport / Flight path No
Industrial uses / waste facility No
Proposed building use Will any buildings be occupied by vulnerable people (e.g. elderly, TBC
disabled, young children)?
Are residents likely to be at home during the day (e.g. students)? TBC
Dwelling aspect Are there any single aspect units? No
Glazing ratio Is the glazing ratio (glazing: internal floor area) greater than 25%? No
If yes, is this to allow acceptable levels of daylighting? NA
Single storey ground floor units No
Security - Are there any security issues Vulnerable areas identified by the Police Architectural Liaison Officer TBC
that could limit opening of windows for
ventilation? Other No

Table A1: Domestic Overheating Checklist Section 1 (GLA Guidance on preparing Overheating Checklist)




Section 2 - Design features implemented to mitigate overheating risk Response
Landscaping Will deciduous trees be provided for summer shading (to  NA
windows and pedestrian routes)?
Will green roofs be provided? No

Will other green or blue infrastructure be provided
around buildings for evaporative cooling?

Greenery can now be deployed on new balcony areas

Materials Have high albedo (light colour) materials been specified? NA (refurbishment)
Dwelling aspect % of total units that are single aspect 0%

% single aspect with N / NE / NW orientation 0%

% single aspect with S / SE / SW orientation 0%

% single aspect with W orientation 0%
Glazing ratio Glazing; internal floor area See Table 6

Window opening

Window opening

All windows are openable

Window opening -
What is the extent of
the opening?

Fully openable

Openings not proposed to be overly restricted

Limited (e.g. for security, safety, wind loading reasons)

No

Security Where there are security issues (e.g. ground floor flats) No ground floor accommodation
has an alternative night time natural ventilation method
been provided (e.g. ventilation grates)?

Shading Is there any external shading? No
Is there any internal shading? Yes

Glazing specification

Is there any solar control glazing

Yes, with G-value below 0.6 for new glazing elements

Ventilation - What is

the ventilation Natural — background Yes

strategy? Natural - purge Yes
Mechanical — background (e.g. MVHR) Yes

Heating system Is communal heating present? No

What is the flow/return temperature?

Combi boilers provided with adjustable temperature
control which can minimise heat output for hot water

supply.

Have horizontal pipe runs been minimised?

Yes, combi boiler specified to limited hot water
storage.

Do the specifications include insulation levels in line with
the London Heat Network Manual

NA

Table A2: Domestic Overheating Checklist




APPENDIX B: SAP CALCULATION (BE GREEN) WORKSHEET

DER WorkSheet: New dwelling design stage

Assessor Name: Stroma Number:
Software Name: Stroma FSAP 2012 Software Version: Version: 1.0.4.5
Address : 5 Denmark Street, Londen, WC2H 5LU

Area(m?) Av. Height{m) Volume{m?)
Ground floor [ 10027 Joa) x| 212 |iza) = [ 3s12s i)
First floor [ 1ooer Jow x | a2e @) = asa |ew
Second floor | 958 |[1c} x | 3.08 |{2x=] = | 21257 I[Ec}
Third floor | 83.78 |[1dj x | 2.4 |{2d} = | 124.08 |[3d3

Dwelling volume (HajH{2b)+(Ich+(3d)+{3el...(3n) = [E}I

2. Ventilation rate:

main secondary other total m? per hour
heating heating
Number of chimneys | o | + | 0 | + I o | = | 7 | x40 = III[EE:'
Mumber of open flues | 0 | + | 0 | + I ) | = | 2 | x30 = IIIM}

Mumber of intermittent fans II' =10 = IIIUaJ
N [ fo o= [ o |m
Number of flueless gas fires III x40 = IIIFG}

Air changes per hour

Infiltration due to chimneys, flues and fans = (Baj+HEb+(Ta)+{To+{Tc) = = (5= |II[E}I

If 5 pressurissfion fest has been caried out or is infended, proceed fo (17), othenwise continue

Mumber of stereys in the dwelling (ns) [i] 1]
Additional infiltration [E-1p0.1 = [i] {10y
Structural infiltration: 0.25 for steel or timber frame or 0.35 for masonry construction [+] (11

if hoth dypes of wall sre present, vse fhe value comesponding fo the grester wal sres (affer
deducfing areas of openings,; if equsl user (.25

If suspended wooden floor, enter 0.2 (unsealed) or 0.1 (sealed), else enter 0 1] (1)
If no draught lobby, enter 0.03, else enter 0 1] (13)
Percentage of windows and doors draught stripped 1] (14}
Window infiltration 0.25-[0.2x(14) = 100] = o (15)
Infiltration rate (8) + (10) =+ (11) + (12} + {12) + (15) = [V} (18)
Air permeability value, 50, expressed in cubic metres per hour per square metre of envelope area 5 [17)
If bazed on air permeability value, then (18) = [(17) + 201+(8), otherwise (18) = {15) 0.25 (18)
Air pemmesbilily value applies 8 pressurissfion fest has been done or 8 degree gir permesbilify is being used
Mumber of sides sheltered 1 (1)
Shelter factor [20)=1-[0.075 = (18] = 0.02 (20
Infiltration rate incorporating shefter factor [21) =18} = (20) = [2'1:|

Infiliration rate medified for monthly wind speed
| Jan| Feh| Marl Apr| May| Jun| Jul | Augl Sepl 0ct| Ncw| Det:|

Stroma FEAP 2012 Version: 1.0.4.5 (SAP 2.92) - hitp/fweenw.stroma.com Page 1 of 14




Maonthly average wind speed from Table 7
.:zz]m=| 5.1 | 5 | 40 | 44 | 42 | 2.3 | 13 | a7 | 4 | 43 | 45 | 47 |

Wind Factor (22a)m = (22)m + 4
.:zza]m=| 127 | 125 | 123 | 11 | 1.08 | 0.85 | 0.85 | 082 | 1 | 1.08 | 112 | 1.18 |

Adjusted infiltration rate (allowing for shelter and wind speed) = (21a) x (22a)m
020 | 0.20 | 028 | 0.25 | 0.25 | 0.22 | 022 | 0.21 | 0.23 | 0.25 | 0.28 | 0.27 |
Caiculate effective air change rafe for the applicable case

If mechanical ventilation: [23;)

If exhaust air heat pump using Appendix N, (22b) = (23a) = Fmv {equation (N5)) , othenvise (23b) = (23a) [23h)

If balanced with heat recovery: efficizncy in % allowing for in-use factor (from Tablz 4h) = III[ng]

a) If balanced mechanical ventilation with heat recovery (MVHR) (24a)m = (22b)m + {23b} = [1 — (23c) = 100]
-;zqa]m=| 0 | 0 | 0 | 0 | 0 | a | 0 | 0 | 0 | 0 | o | 0 | (24a)

b} If balanced mechanical ventilaticn without heat recovery (MV) (240)m = (22b)m + {23b)
.;24|:]m=| 0 | 0 | o | 0 | 0 | a | 0 | 0 | 0 | 0 | [ | 0 | (24h)

c) If whole house extract ventilation or positive input ventilation from outside

if (22b)m = 0.5 = {23b), then (24c) = (23b); otherwise (24c) = (22b) m + 0.5 = (23b)

-;24c]rn=| 0.54 | 0.54 | 052 | 05 | 0E | 0.5 | 0.8 | 05 | 05 | 0.5 | 051 | 0.52 | (24c)

d) If natural ventilation or whole house positive input ventilation from loft

if (22b)m = 1, then (24d)m = (22b)m othenwise (24d)m = 0.5 + [(22b)m* x 0.5]

.;zqd}m=|u|n|n|n|o|u|u|n|n|n|o|c-| (24d)

Effective air change rate - enter (Z24a) or (24b) or (24c) or (24d) in box (25)
(25)m= | 054 | 054 | 052 | 0s | 0E | 0.5 | 0.5 | 05 | 0.5 | 0.5 | 051 | 0.52 | (25)

P E— | AT L] | |
ELEMENT Gross Openings Met Area U-value AXU k-value A XK
area (m-) m* A m? WimzZK (WK kdim®-K kMK

Doors [ 21 ] = 12 ] =[] 2m:= | (26)
Windows Type 1 x U6 )+ 0.04 = (27)
Windows Type 2 U 1.4 1+ 0.04] = (27
Windows Type 3 U1 1.4 14+ 0.04] = 27
Windows Type 4 x W16 )+ 0.04] = (27)
Windows Type 5 % 1.4 1+ 0.04] = (27)
Windows Type 6 x U[E )+ 0.04] = (27)
Windows Type 7 x M6+ 0.04] = (27)
Windows Type 8 I 1.4 )+ 0.04] = (27)
Windows Type 9 X114 )+ 0.04] = (27)
Windows Type 10 U1 1.4 14+ 0.04] = 27
Windows Type 11 XU 1.4 )+ 0.04] = (27)
Windows Type 12 XM 1.4 J+ 004 = (27)
Windows Type 13 I 1.4 J+ 004 = (27)
Stroma FSAP 2012 Wersion: 1.0.4.5 (SAP ©.92) - http/fveanw. stroma.com Page 2 of 14




DER WorkSheet: New dwelling design stage

Windows Type 14 474 kI 143+ 0.04] = 27
Windows Type 15 X1 1.4 )+ 0.04] = 7
Windows Type 16 % 14+ 0.04] = 27
Windows Type 17 x W6} 0.04] = {27)
Windows Type 18 143+ 0.04] = 27
Windows Type 19 XU 1.4)+ 0.04] = 27
Rooflights Type 1 *UNL8) +0.04] = {27h)
Rooflights Type 2 271 18 + 004 = {27H)
Walls Typel [ 208 | [ 7o5 | [ 138 | =x[ oz | =[ 218 | | | | |29
Walls Type2 [ zie7 | [ 74 | [ 148 | =x[ oz | =[ 23w | | | | |29
Walls Type3 [ zoe4 | | 712 | [ 137 | x| ez | =[ 412 ] | | | |23
Walls Typed [ 2933 | [ ez | [ 1502 | =x[ o3 | =[ 25 | | | | |29
Walls TypeS | zze1 | | 74z | [ w30 | x[ o2 | =] 4@ | | | | | 29)
Walls Typeé [ z2or | [ wems | [ wm3a | =x[ o3 | =[ 32 | | | | |29
Walls Type?7 [ 1eea | [ 734 | [ 128 | x[ oz | =[ 3m ]| | | | |29
Walls Typed | z7as | | am2 | [ tosr | x| ez | =[ 32 ] | | | |23
WallsTypeSnfndsss | oo el w55 | x[ee | =[ mem oo | |29
Walls Type10 | qgza | [ 488 | [ neds | x| oia | = 2& | | | | 29)
Walls Type11 [ 4823 | [ eer | [ w2s | x[ o | =] 1a | | | | |29
Walls Type12 [ a4 | [ o | [ s | x[ ci@ ] =[ B2 | | | | |29
WallsType13 [ 298 | | o | L 21 | =x[ etz | =[ oz | | | | |23
Walls Typeld [ sawr | [ ioe % [aresl | x[ o3 ] =[ s | | | | |29
WallsTypeds [ 1253 | o0 | [Tes] x[ ez = Em | | | | 29)
WallsType16 [ 605 | [ o | [ &es | x[ e | =[ 128 | | | | |29
Walls Type17 [ a1oa | [ 1oz | [ aes | x[ oz ] =[ sm | | | | |29
Roof Typel [ 4ses | | o | [ 45a | x| o3 | =[ sa7r | | | | |20y
Roof Type2 [ go3 | [ 12 | [ eem | x[ om | =[ o0&t | | | | |20
Roof Type3 [ 7a7a | [ 220 | [ 7257 | =[ o013 | =[ es | | | |20y
Total area of elements, m? 3)
* for windows and roof windows, use effective window Utvalue calowsted using formula 11 Uvalue)+0 04] a5 given in paregraph 3.2
** inciude the areas on both sides of infems! walls and partitions
Fabric heat loss, WK =5 (A x U) (26)...(30) + (32) = 33
Heat capacity Cm = S(Ax k) (128). (30} + (32) + (323)..(322) = [ 217em50  |i34)
Thermal mass parameter (TMP = Cm = TFA) in kJ/inPK Indizative Value: Medium {353
For design assessments whene the defails of the consfruction are not known precisely the indicative values of TRF in Table 1f
can be used instead of & defaied caltulshion.
Thermal bridges - S (L x ¥) calculated using Appendix K {SEIJ
if details of thermai bridging are not known (36) = 0.15.x (31)
Total fabric heat loss (33) +(39) = [ a7 |@m
Ventilation heat loss calculated monthly (38)m =033 = (25)m x (5)

Jan Feb Mar | Apr May | Jun Jul Aug Sep Ot Mov | Dec
(38)m= | 106.80 | 1048 | 10271 | 12227 | 160.60 | 120,80 | 18068 | 180.60 | 160.60 | 130.80 | 18438 | 18853 {39
Heat transfer coefficient, WiK [28)m = {37] + (Z&)m

(3g)m= | 55267 | 55058 53545 | 52040 | 53842 | 530.46 | 54013 | se4
Stroma : -

K Average = Sumi30), - M12= 541.08 5

54E8.40 | 533.04




DER WorkSheet: New dwelling design stage

Heat loss parameter (HLP), Wim=K {40 = (38)m = (4
[-1-Cl]m=| 1.Ef| 156 | 1.58 | 153 | 152 | 152 | 152 | 152 | 152 | 152 | 153 | 154

Harerage = Surm{40). - 2= 1.53 40)

Humber of days in month (Table 1a)

Jan Feb Mar | Apr May | Jun Jul Aug Sep | Oct Mov | Dec
[4hm=| 31 28 31 a0 21 30 3 N 0 KL 0 3

Aszsumed occupancy, N

iFTFA = 13.9, N =1+ 1.76 % [1 - exp(-0.000348 x (TFA -13.9)2)] + 0.0013 x (TFA -13.9
ifTFAE139 N=1
Annual average hot water usage in litres per day Vd, average = (25 x N) + 36
Reduce the annual aversge hof wafer usage by 5% if the dwelling is designed to achisve 8 waler use fsrgef of
not move that 125 fires per person per dsy (sl wafer use hot snd cold)

| Janl_Feb| I'-.-'Iar| .l'-"||]I| May| Jun| Jul | .ﬂ.ug| Sep| Gct| Nmr| DEE|
Hat wafer usage in lres per day for each month Vol m = facdor from Tahie Tox (93]

[4-4]m=| 121.23| 118.82 | 112.41| 108,01 | 1036 | BE 18 | 9918 | 103.8 | 10801 | 112.41 | 116.82 | 121.23

#1)

42)

43

Tatal = Surm{44), ;= 1322.53 (44

Energy condent of kot water used - calculafed monthly = 4. 150 x Vo m x nm x DTm 3800 kidhimonth (see Tabies 1h, 1z 1d)
|j45]r.-.=| 1?9.?E-| 157.24 | 1&2.2a| 141.46 | 135.?3| 1712 | 1ua.54| 124.55 | 126.III.'!-| 146.88 | 16023 | 17411

Tatal = Surm(45), . = 1734.04 (43)

¥ instanfanecus water hesting i point of use fno hof waler siorage), anter [ in boxes (48] ko (61)

i4gm= | 26.97 | 2158 | 2434 | 202 | 2036 | 1757 | 1628 | 18.68 | 1881 | 20 | 2405 | 2612 |
Water sforage 10ss;

Storage volume (lifres) including any solar or WWHRS storage within same vessel |I|
If community heating and no tank'in dwelling, enter 110 fires in (47)

Otherwise if no stored hot water (this includes instantaneous combi boilers) enter “0° in (47)

Water storage loss:

a) If manufacturers declared loss factor is known (KWhiday): |I|
Temperature factor from Table 2b |I|
Energy lost from water storage, kKWhiyear (48} x(49) = |I|
b} If manufacturers declared cylinder loss factor is not known:

Hot water storage loss factor from Table 2 (KWh/litre/day) |I|

If community heating see section 4.3

Volume factor from Table 2a i
Temperature factor from Table 2b ]
Energy lost from water storage, KWhiyvear (47) 2 (51 = (52) = (53) = 0
Enter (50} or (54) in (55) i
Water storage loss calculated for each month ((5E)m = (58) = (41)m

(58)m= | ] | ) | ] | ) | ] | ) 0 | 0 | 0 | 0 0 | 0

If cylinder contains dedicated solar storage, (57)m = (53im = [[30) - (H11)] = (30}, else (7)m = (36m where (H11) is from Appendic H

.jm]m=|u|c-|u|c-|u|c-|n|u|n|u|n|u|

Primary circuit loss (annual) from Table 3 |I|
Primary circuit loss calculated for each month (58)m = (58] + 365 = (41)m

(modified by factor from Table HS if there is solar water heating and a cylinder thermostat)
ggm=| o [ o [ o [ o [ o] o [ o o[ o] o f o[ o]

Stroma FSAP 2012 ersion: 1.0.4.5 (SAP 9.82) - hitp:/fwww_stroma.com

(48)

(47)

43
(44)
(30)

=)

(32)
(33)
34
(35)
(38)
{57)

59)

(39)
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DER WorkSheet: New dwelling design stage

Comibi loss calculated for each month (61)m = (60) + 365 = (41)m

[E1]rn=| 43.85 | 4505 | 4373 | 4762 | 2035 | 47 55 | 2002 | 4524 | 772 | 4553 | 4816 | 49.23 | 31
Total heat required for water heating calculated for each month {62)m = 0.85 = (43)m + (46)m + (37)m + (39)m + (61)m
[62]rn=| 229.?4| 202.29 | 211.na| 139,35 | 18511 | 184.72 | 15r.55| 173.78 | 1?3.?5| 196.41 | 2085 | 22380 | {82)

Solar DHW input calculated using Appendix G or Appendix H (negative guartity) (enter ‘0 if no sofar contribution to water heating)
{add additional lines if FGHRS and/or WWHRS applies, see Appendix G)
|jaa.]m=|u|c-|n|c-|n|c-|n|u|n|u|n|u| (83)
Output from water heater

(64jm=| 22074 | 20020 | 21102 | 12038 [ 18511 | 18472 [ 15755 | 17a7a [ 17275 [ 10641 | 2085 | 22300

Cutput from water heater (annual), 2317.1 {34

Heat gains from water heating, KWWh/month 0.25 " [0.85 = (43)m + (61)m] + 0.8 x [(48)m + (57)m + (39)m ]
|ja5]m=| 7237 | £i3.55 | 638 | 58,02 | 5745 | 50 54 | 2534 | 5372 | 53.84 | 6122 | A5.35 | 70,38 | (33)

include (S7m in calculation of (85)m only if cylinder is in the dwelling or hot water is from community heating

Metabalic gains (Table 5. Watts
Jan Feb Mar | Apr May | Jun Jul Aug Sep Ot Mov | Dec

(8= [ B0 [ 802 | 160.02 | AEm0E [ 1802|8002 | 16002 [HENGE | 16002 | idm0E | emee | 6En02 (88)
Lighting gains (calculated in Appendix L, equation L9 or L9a), also see Table 5

.ja:']m=| 4155 | 30.58 | 3218 | 2493 | 1821 | 1527 | 16.61 | o153 | 23.08 | 6.8 | 4205 | 4573 | {87)
Appliances gains (calculated in Appendix L, equation L13 or L133), also see Table 5

|jaa.]rn=| -IEIEI.EBB| 50485 | 20178 | 48397 | 43556 | 395,35 | 37381 | 38882 | 381.60 | 4095 | 444 62 | 47782 | (33
Cooking gains (calculated in Appendix L, equation L15 or L153), also see Table 5

eom=| 3@ | 38 [ 3 | @@ | o] = | 3 | 3 [T ] 3 | 2 [ w | (89)
Pumps and fans gains (Table 5a)

o= 3 [ 2 [ 3 ] 3 ] 3 [ 3 [ s | 3 | 3] 3]s | 3| 7
Loszes e.g. evaporation {negative values) (Table 5)

[Ti)m= |-12,&-:12 | -125.02 | -128.02 | -125.02 | -128.02 | -128.02 | -128.02 | -128.02 | -123.02 | -125.02 | -123.02 | -125.02 | (el
Water heating gains (Table 5)

|jf2]rn=| 47.13 | D458 | 3922 | 5167 | 7725 | TOE1 | A4.05 | T2 2 | T4TT | 52 28 | 90,77 | 0457 | 72
Total internal gains = (Ed)rn + (E7)rn + (B8 + (EB)rm + (700 + (71)mm + (T2)m

(= 71535 | 71292 [ 6s710 | 6443 | so0m3z | 5s5as | sope | 53643 | ss04s | eo2so [ enzae | eotes | 73)

Solar gains are calculated using solar flue from Table Ga and associated equations to convert to the applicable arizntation.

Orientation: Access Factor Area Flu o_ FF Gains

Table &d e Table Ga Table b Table G W
Morheastome| 077 | x| 102 | x| m28 | x| oms  |x[ 07 | =] 352 |3)
Modhesstome| o077 | =x[ 10z | x[ m2s | x[ am | x[ o7 | =] 352 |73
Modhesstome| o077 | =x[ 102 | x[ mer | x[ am | x[ o7 | =] 7.18 |75
Modhesstome| o077 | =x[ 102 | x[ mer | x[ am | x[ o7 | =] 7.18 |75
Modhesstom| o077 | =x[ 102 | x[ w38 | x[ s | x[ o7 | =] 128 |75
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DER WorkSheet: New dwelling design stage

Morthesstome o077 | x| 102 [ x| 438 | x| wss | x| o7 | =] 128 |mm
Merhesstoox| o7 | = 1me | x| eres | x| oes | x[ o7 ] =[ 218 |um
Mothesstomx| o7 | x| 12 | x| eee | x| es  |x| o7 | =] 2118 |m®
Morthesstoge| o7 | x| 10z | x| w35 | =[ oes | =x[ o7 ] =] ;& |rm
Morheastogx[ o7 | = 12 | = ®as | x| ees | x[ o7 ] =] 2w  |mE
Morthesstoge| o7 | x| 10z | x| eras | x[ wes | =x[ o7 ] =] maw |
Morheastogx[ o7 | = 12 | = eras | x| e | x[ o7 ] =] ww |m
Morhesst0fx[ 077 ] = 1woe | x[ et ] x[ aea | x[ o7 ] =] 284 |75)
Morthesstome[ o077 | x| 102 | x[ et1 | x[ o | x[ o7 | =[ 24 |m
Morhesstogx| o7 | = 102 | = 72es | x| oes | x[  or ] =] 284 |mm
Mothesstomx| o7 | x| 12 | x| 72es | x| es | x| o7 | =] z:es |
Morheastofx o077 | = 102 | = soe2 | =[ o8s | x[__or | =[_ 1572 |7\
Morheastogx[ o7 | = 12 | = s | x| e | x[ o7 ] =[ 1572 |mE
Morhesst0fe[ 077 | = 102 | = za07 ] x[ os3 | x[ o7 ] =[ a7 |73
Modhesstomx[ o077 | =x[ w2 | x| mmor | x| wes | x[ o7 | =[ &7 |73
Modheast 0| o7 | x| 102 | x| a2 x| ees | x| or | =] 44 |03
Morhesstome o077 | x| 102 | x[ w2 | x[ s | x[ o7 | =[ 4 |m
NodfiesstoEE e | Jimjps | e il e | Emom =pEEm o jeE
MorheastOf:[ pq7 . | =| 102 | = [ ex: | =| a8 | =[ of | = 28 |78
Bast  om[ o | x| 71z e[ tess [ x| oex |x[ o7 | =[  &m@ |mm
Bast 0o of ] = w07 | = e | x[0 mes | x[ o7 ] =[ a@Em |mE
Bast  0mx[ of | x| vz x| s | we | =] or ] =] 2 |78
Bast  omx[ 4@ | = w07 | = ms x| wmea | =[ o7 ] =[ Em  |mm
Bastom|  om | x| 712 [ dem | x[ o | x[ o7 | =[ mes |m
Bast  omx| o | x| 0w | x| sz | x| e | x[ o7 ] =[] oawer |om
Bast om[ om | x[ 7z x| wam x| oes | x[ o7 | =[ oms |om
E=st 0mx[ o077 | x[ o075 | x[ ez | x[ wes | x[ o7 ] =[ mmir |mm
Bast  0fx[ o | x| va2 = maoe | x| ees | x[ o7 ] =[] aeme |mm
Bast omx[ o7 | x| tov | x| maoe | x[ wes | x[ o7 ] =] asm |mw
Bast om[ o | x[ 7z x| msm | x[ wes | x[ o7 | =[ @ |7E
Bast o0me[ o7 | x| w07 | x| msmm | x[ oes | x[ o7 ] =[] amas |ow
Bast  om[ om | x[ 7z x| moz x| oes | x[ o7 | =[ mes |om
Bast oo o7 ] e[ woms | = toz ] x[ wss | x[ o7 ] =[ a1 Jmm
Bast om[ om | x[ 71z x| wss | x| oem | x[ or | =[ mem |om
Bast  0mx[ o077 | x[ 075 | x| etme | x[ wes | x[ o7 ] =[ anos |
Bast  0fx[ o | x| 72 | = 7am | x| s | x[ o7 ] =[ ‘oz |mm
Bast  ome[ o7 | x| 107 | x| 7ase | x| wes | x| or | =] amwm |08
Bast  0fx[ o | x| 742 | = sm | x| ass | x[ o7 ] =[] sz |78
Bast 0| o7 | x| to7s | x| sss0 | x| ees | x| or | =] 147 |08
Bast  om| om | x[ 7az | x| ma | x| oes | x[ or | =[ s |om
Bast om[ om | x[ twm | x| e | x| omm | x[ or | =[ s |om
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DER WorkSheet: New dwelling design stage

Bast  omx[ om | x| vz ] x[ w815 | x[ wes | x[ o7 ] =[ a4 m
Bast o[ om | x| soms | x[ w15 | x| os | x[ o7 |=] s |om
Southesstomx| o7 | x| am | x| mm | x[ wes | x| o7 | =[] sma  |mm
Southesstofe[ 077 ] x| 723 ] x[ 70 | x[ o8 | x[ o7 ] =] 313 |77
SoutheastOfx| o7 | x| am | x| m7e | x| om | x| o7 ] =] s |7
Southesstogx[ 077 | x| am | x| m7e | x| om |=[ o7 ] =] #7  |m
Southeastofe[ o7 | x| &sss | x| 7@ | x| ws | x| or | =] @m |
Southeastofe[ o7 | x| am | x| m7e | x| ws | x| or | =] w1z |
Southesstope) o7 | x| sse | x| s | x[ e | x| o7 | =[ s |m
Southeast0fx| o077 | x| am | x| sesr | x| om | =x| o7 | =] mez |07
Southesstomx| o717 | x| 72 | x| mer | x| wmes | x| o7 | = 1mae  |mm
Southeastofe| 077 | x| am |« seer | x| o | x| or ] =] 121z |0
Southeastifx| o7 | x| am | x| eer | x| we | x| o7 ] =] Tawe |om
Southesstogx| 077 | x| sss8 | x| e | x| o | = o7 ] =] wes |m
Southeastofe[ o7 | x| a3 | x| s2er | x| wm | x| or | =] 883 |0
Southeastofx[  or | x| aes | x| seer | x| om | ®| 07 | = 70.40 |77
Southesstogx| o7 | x| am | x[ esms | x [ wes | x| o7 | =] 1eses D
Southesstomel e | <l mEm e | 8575 e oss |Elom =piEsss 0w
Southeastibe| g7, | x| 37 | = ss7s | x| Loes | =] o7 | =|  1p4dE |07
Southesstoge]  ofy | x| am | e[ ss7s 0| x| ws  |x] or | =] @23 |
Southeastoox| ofF | x| 888 | x| ss7al | x [ mes = o7 ] =] eea |om
Southeastogx| o | x| s3e x| 7@ el mEs | = o7 ] =] s |om
Southesstoge[ o7y | x| ses | = ss7s | x| mE | =] or | =] @ |
Southesstogel o7 | x| am = ez | x| o | x| 07 R EETT
Southeastooe| o7 | x| 72z | x| ez | x| oms ] x| 07 | = 24w |om
Seuthesstofx| o077 | x| a7 | x[ ez | x[ om | x| o7 | =] 240m |D
Southesstome o077 | x| sm | =[ ez | x[ oes | x| o7 | =] 1247 |07
Southeastofx| o7 | x| &sss | x| ez | x| ws | x| or | =] 11 |0
Southeastofx| o077 | x| s | x| 106z | x| wm | x| o7 ] =] tmooe |
Southesstofx| o077 | x| 3ss | x| 182 | x| om | x| o7 ] =] 1es |om
Southesstofe[ 077 | x| am | x| mem | x| om | = o7 ] =] ‘mmes |07
Southesstopx| o7 | x| res | x[ vem | x| oes | x[ o7 | =] e |
Southesstome] o7 | x| sm | x| meos | x[ ees | x| o7 | =[ e |
SoutheastOfx| o077 | x| am | x| mem | x| s | x| o7 | =] 1mps |07
Southeastofe[ o7 | x| &sss | e[ tmem x| ws | =x[ ofr | =[] 202es |
Southeastofe[ o7 | x| am | x| tem | x| ws | x| or | =] 123 |
Southeastomx| o077 | x| ses | x| mem | x| om | = o7 ] =] 1mmes  |m
Seuthesstigx| o7 | x| am | =[ me1s | x| wmE | x[ o7 | =] ez |00
Southesstofe|  p77 | x| 72z | x| mz1s | x| pas ] x| 07 | =] om0z |
Southesstopx| o7 | x| am | = [ meis | x| wss | x[ o7 | =] ez |mm
Southeastopx| o077 | x| a7t | x| meis | x| wes | x| o7 | =] e |07
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DER WorkSheet: New dwelling design stage

Seuthesstooe| o077 | x| ss | x| 1eis | x| wes | x| o7 | =[] w4 oW
Seuthesstoge| 077 | x| ma | x| meis | x| wes | x| o7 | =[] 1zsa oW
Southesstoox| o7 | x| ass | x| im1s | x| wes | x| o7 | = 13zs |07
Southesstogx| o077 | x| am ] =[ m3m | x| oes | x[ o7 | =[ 2sm |07
Southessto®x| 077 | x| 723 | x| mam | x| oes | x| o7 | = osee |
Southesstom| o7 | x| 3T | x| mam | x| ess | x| or | = mmm |
Southesstomx| o077 | x| 3T | x| mam | x| ess | x| or | = =5 |0
Southesstogmx| o077 | x| 588 | x| mam | x| ess | x|  ofr | =] is4z |00
Southesstog| o7 | x| mae | x| mam | x| oms | x| 7 | = 1mEm ]
Southesst0ox| o7 | x| see | x| maer | x| oes | x| 7 | =11 |om
Southesstoox[ o | x| am ] x| o4 | x [ ams ] x| 7 | = ==z |mm
Southesstogx| o077 | x| 72z | = [ 4z ] x| oes | x| 7 | = muem |0
Southesstomx[ 077 | x| 7w ] x[ t4m | x| oes | x| 7 | = =msm |
Southesstomx| o077 | x| 3T | x| 43 | x| oes | = | 7 = msm @
Southesstome| 77 | x| & | x| 143 | x| oes | x| 7] = ez |
Southesstox|  g77 | x| sae | x| s | x| wss | x| or | = tom1s |00
Southesstog| o7 | x| ass | x| w43 | x| oms | x| 0y | = | 174 |77
Southesstome| ey | <l @m s | seas el 0es om0 < Ems @
SouthesstOx|  of7 . | =| 723 | = [ seas | x| oes  |=| o7r | = 2818 |00
Southesstogx|  of | x| am | = e85 | x| woes | =] o7 | =[] zm |00
Southesstoox|  of | = am | ®=| s | x| mes | =] o7 | = sz |
Southesstomx[ ofF | x| 558 wx [ a8 Jwefp 08 | x[ o7 | = 1B W
Southesstoox| g7 | x| 3w V| x[ a8 x| wmea x| o7 | =] &2 |7
Southesstnge| o077 | x| ass  |'x| o geas | x| oma | | = | o7 | = 1442 |
Southesstoox[ o7 | x| am | x| eezw | x[ e | x[ o7 ] =[ s |om
Southesstogx| o077 | x| 7z | x| esxr | x| mes | x[ o7 | =[ 1 |om
Southesstomx| o077 | =] 3T | x| es2r | x| wes | x|  or | =[_ 5w |00
Southesstofx[ 077 | x| s | x| esar | x| wea | x[ o7 | =[ 7am oM
Southesstofx[ o077 | x| &8s | x| @z | x[ owes | x[ o7 | =[] memz |
Southesstomx[ 077 | x| 3m | x| esr | x| wes | x[ o7 | =[ Tmmw |
Southesstofx[ 077 | x| 3ss | x| @2z | x[ oes | x[ o7 | =[ 778 |77
Southesstoox[ o7 | x| am | x| s | x| e | x| o7 ] = wes  |om
Southesstoox| o7 | x| vz | x| s | x| e | x| o7 | = ez |om
Southesstomx| o077 | x| a7 | x| sor | x| mes | x| o7 | =[] ma oW
Southesstogx| o077 | x| am | = a0 | x| oes | x| o7 | =[ sar |0
Southesstomx| o077 | x| ss8 | x| 407 | x| wss | x| o7 | =[] 75 |0
Southesstomx| o077 | x| 33 | x| 407 | x| wss | x| o7 | =[] e |00
Southeast0fx| 077 | x| 3es | x| 407 | x| oes | x| o7 | =] 4wm |
Southesstox|  g77 | x| am | x| me | x| wss | x| or | =| 714 |77
Southesstope| o7 | x| 72z | x| a0 | x| oes | x| 0y | =] B0.57 |7
Southesstogx[ o077 | x| amt | x[ e | x[ wes | x[ o7 | =[ ms  |om
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DER WorkSheet: New dwelling design stage

Southesstoge| o7 | x| am | x| wmes | x[ om ] x[ o7 ] =] 57 |
Southesstoge| o7 | x| s | x| wmes | x| om ] x[ o7 ] =] 537 |
Southesstome| o077 | x| 830 | x| wmee | x[ oes | x| o7 | =[ s |m
SouthesstOme| o077 | x| 3@ | x| e | x| om | x| o7 | =] 34 |7
West  0mx[ o7 | x| 424 | x| 184 | x| om | x| o7 ] = 2545 e
West  omx[  omm | x| 43 | x| 1984 | x| om | =x| or | =[] sz |Eg
West 0ok o | x| 424 | x| ez | x| om |=x| o7 ] =] s |en
West  0ox[ o | x| 432 | x| e | x| om x| o7 ] =[] s7z  |en
West  gox[  orm | x| 424 | x| ma2r | x| oms | =| o7 ] =] s ey
West om0 | x| s3] x| sz | x| mes | x| o7 | =[] ss  uEo
West  omx| omm | x| 424 x| w2 | x| om | x| o7 ] =] 1es ey
West  omel o7 | x| 43 | x| ez | x| o0m |x[ or | =] 1msm  Jam
West  omx[ o7 | x| 424 | x| maoe | x| o | x| o7 ] = e |e0
West 0o o7 | x| 432 | x| maoe | x| o | = o7 ] =[] mem e
West o[ o7 | x| e24 | x[ msmm | x[ ass | x[ o7 ] =[ tsooz  Jem
West  0fx[  prr | x| 4s2 | x| msm | x| om | = o7 ] =  1mss |0
West  opx[ o7 | x| sms | x[ vz ] x[ ws | x[ or ] =[] 14zm2 Jem
westmEE[ e | G EEE e[ 10z gl 0s: | Eom ) = eEss s eEn
West  Om| pgm . | x| 424 | x| oass | x| oss [ =[ o7 | = izes |80
west o[ of | x| 43 | x[ mes S| x| e =] o7 ] =] 125 |30
West 0o  om | x| 424 | x| vasg | x|[7 @m |=[ o7 | =] dam. |eq
West  0ox|  om | x| 432 x| 7as@ e[ oes | = o7 | =[] dne  |eq
West 0mx| om | x| 424 "] x| s x| mm |=[ o7 ]| =] smwm |en
west o] om | x| 432 |x[ L dss | x[ o | x[ or ] =[ dm  Jeo
West om0 ] x| 424 | x| mse | x| oms | x[ o7 ] = mm ew
west  omx|  om | x| 43 | x| mee | x| om | x| or | =] i |eg
West  0me] o7 | x| 424 | x| e1s | x| om | x[ o7 | =] maz  JeEm
west o[ o | x| s3 | x[ @15 | x| wma | x[ o7 | =] 23 |en
Morhwestoge 077 | x| 238 | x| wm2s | x| oms | x| o7 ] = 24m |21
Morhwestoge 077 | x| 212 | x| m2s | x| om | = o7 ] =[] 218 |en
Mortwestofe| o7 | x| 2w | x| m2s | x| om | x| o7 ] = 1ams  |en
MNodhwestooe[ 077 | x| 23¢ | =x[ m2s | x[ wes | x[ o1 | =[] sor @
Mothwestom:| 077 | x| 220 | x| ma | x[ mes | x| o7 | =[] m e
Northwestomx| o077 | x|  ose | x| m2s | x[ o | x| o7 | =] 2m: |en
ModhwestOme] 077 | x| 235 | x| mer | x| om | x[ o7 | =] s Ji&n
Modhwestoge| o077 | x| 21z | x| zaer | x| wmE | x[ o7 | =]  sst  |e
Morhwestoge 077 | x| 2m | x| mer | x| om | = o7 ] =[] ‘2sm |en
Morhwestoge 077 | x| 234 | x| me7 | x| om | = o7 ] =[] 1z e
Mortwestofe| o7 | x| 220 | x| mer | x| om | = o7 ] =[] ams  |en
Mothwestome |  o77 | x| ome | x| mer | x[ oes | x| o7 | =[] &m  En
Mothwestom:| 077 | x| 238 | x| sa3s | x[ oes | x| o7 | =[] ss  En
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DER WorkSheet: New dwelling design stage

Morhwestooe| o7 | x| 212 | x| #3  | x| oes | x| o7 | =] a4z |@En
Merhwestooe| o7 | x| 2w | x| #3  | x | oes | x| o7 | =] s @&
Mottwestomx| o077 | x| 23 [ x| a3 | x| wss | x| o7 | =[] zs  |en
Morthwestoge| 077 | =] 228 | x| #138 | x| 83 | x| o7 | =[] asrez @
Modhwestoge| 077 | = oss | x| #38 | x| o0& | x| o7 | =] 123 |@E
Morthwestoge| 077 | =| 235 | x| eree | x| am | x| o7 | =[] uea &
Morthwestogel 077 | =| 212 | x| eree | x| as | x| o7 | =[ 1o &
Modhwestogel 077 | x| 2m0 | = erge | x| am | x| 07 ] =[] a4 @&
Morthwestoox[ 077 | x [ 23+ | x[ eves | x[ o8 | x[ o7 | =[ 48  |en
Mottwestome| o077 | x| 2m [ x| erme | x| wes | x| o7 | =[] ez e
Mottwestoox|  o7r | x| ome | x| eres | x| oes | x| o7 | =] =3 @&
Morthwestooel 077 | x| 235 | x[ w®mas ] x| e | x| o7 | =[] 1msm &
Morthwestogel 077 | =[] 212 | x| w3 | x| as | x| o7 | =[] 1mes e
Modhwestogel 077 | x| 200 | x| was | x| am | x| o7 ] =[ 1@z &
Morthwestogx| 077 | x| 23 | x| @3 | x| e | x| o7 | =] @3 @
Morhwestofe  g77 | x| 220 | x| s | x| ems | x| o7 ] =[] tzmes &
Morthwestome 077 | x| ome  [ x| w3 | x| wes | x| o7 | =[] o e
NorttwestogE| e | <) EEsE x| orae el e |Emw | <0 mmeEr o |En)
MohwestOfe o7\ | x| 212 | = g7z | = | o8 | x| 07 | = fsese  |81)
Mohwestogel  ofr | x| 2t = eras J ] x| am | = o7 ] = 1imes @&
Morthwestooel  ofp | =] 238 | = el | x| mes  |=| o7 | =| &ess &
Morhwestogel  of | x| 22p x| w3 e oe |2 o7 ] =[] 1@ @
Mothwestogel o7 | = oes | = e7as | x| me | x[ o7 | =[] 7 |&
Northwestom[ 077 | x| 235 [w [ @1 | x[ o | | ®[ o7 | =[ ez Jen
Morthwestoox[ 077 | x[ 212 | x [ en | x[ oss | x[ or | =[ 1mor Jen
Mothwestome| 077 | =| 21 [ x| et1 | x| wes | x| o7 | = 1@ e
Morthwestogel 077 | = 234 | =[ @ ] x| as | x| o7 | =[ @15 |@En
Modhwestogel 077 | x| 220 | = et | x[ am | x[ o7 ] =[ tzmEe @
Morhwestoex| o7 | x| oss | x| et | x| oa | x| o7 | =] a2 |@En
Modhwestogel o077 | x| 238 | = 728 | x| am | x| o7 ] =[] 1seas @&
Modhwestoge| 077 | = 212 | x| 7288 | x| o0& | x| o7 | =] 14118 |@ED
Medhwestooe g7 | = 2m | x| 7ees | x| oes | x[ o7 ] =[ sz e
Mothwestome| o077 | = 23 | x| 72es | x| wes | x| o7 | =] se¢  |en
Mothwestoox| o7 | x| 220 | x| 7ees | x| oes | x| o7 | =]  1mes  |@En
Morthwestoge| 077 | =] o0ss | x| 7283 | x| 83 | x| o7 | =] 2175 i
Morhwestogx| o7 | x| 238 | x| sS04 | x| oe | x| o7 | =] 1meE |@EN)
Morhwestome o077 | x[ 212 | x| soe | x[ am | x[ 07 ] =] Ba |31)
Medhwestoge| o077 | = 2m | =] sos2 | x| o0& | x| o7 | =] &8s |@En
Morhwestofel  g77 | x| 23¢ | = soe2 | x| ams | x| o7 ] =[] amoee  |@&
Medhwestooe  g77 | = 228 | x[ sea2 | x| oes | x[ o7 ] =[ s e
Mothwestome 077 | x| oss | x| s | x| wes | x| o7 | = a1 |21)
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DER WorkSheet: New dwelling design stage

Mohwestoeel o077 | x| 23 | x| mor | x[ es | x[ o7 | =[] e |en
Morthwestoox| 077 | x| 212 | x| mmor | x| wes | x| o7 | =] sss  |en
Mothwestoox| 077 | x| 2m | x| zmor | x| wes | x| o7 | =] a4 |eEn
MorthwestOme|  o77 | =] 234 | = 207 | x| ez | x| o7 | =]  mar i
Modhwestomel 077 | x| 220 | x| 207 | x| w8z | x| 07 | =[ mm @
Mothwestome 077 | =x[ o8 | x| = | x[ wss | x[ o7 ] =] 341 |31
Modhwestomel 077 | x| 238 | x| 122 | x| wss | x| 07 | =] msm |@
Morbwestogel 077 | = 212 | = w4z | x| wss | x| o7 | = s  ]en
Morthwestoox| 077 | x| 2m | x| ez | x| wes | x| o7 | =] 1T |en
Mohwestope| o077 | = 234 | x| 122 | x| wes | x| o7 | =] o5 @y
Mohwestope| o077 | = 220 | x| 122 | x| wes | x| o7 | =[  team ey
Morhwestome| 077 | = o0ss | x[ 122 | x [ w@s | x[ 07 | =[ 428 |i31)
Morbwestogel o077 | =| 238 | = em | x| wss | x| o7 | =] 1mas  ]en
Modhwestomel 077 | x| 212 | x| em | x| w8 | x| o7 | =] 1@ |@
Modhwestomel 077 | x| 2m | x| em | x| wss | x| 07 | =] mam  |en
Mothwestome| g7 | x| 234 | x| em | x| oes | x| 07 | =] 750 |ia1)
Morthwestoox| 077 | x| 220 | x| em | x| wss | x| o7 | =] 128 |en
Northwestome| e | o] mmE e[ e el 0ss  |mlwm ] 2w e
Rooflights 0.0x 1 | = 126 | =[ 2 J=[ 08 |=[ o7 | =| 12 |32)
Riooflights 0.0x | 1 | = zar [ = ] =« e |x[ o7 | =] Zam e
Rooflights 0.0x 1 | =] 126 | = 54 | = [ mes  |l=] 07 | =] 7m |t22)
Riooflights 0.0x | 1 | = zatt [ 54 b we | x| o7 | =] faw i
Rooflights 0.0x 1 | < 128 7] = B | x| wea |=[ o7 | =] &m |e
Reoffights 0.x 1 | =] 221 ['x| B | x| oma ) |2 o7 | =] aam Je
Rooflights g0 1 | =] 128 ] =] w0 | x| oms | x| 07 | =] 75.01 |is2
Rooflights 0.0x| 1 | = 221 =] 1m0 | x| oes |x[ o7 | =] 1ms &
Roefiights 0.0x 1 | = 128 ] x[ e ] x[ oes | x[ o7 ] =[ oz E
Reafiights 0.8x| 1 | = zar ] x[ e ] x[ s |x[ 07 | =[] 14 i@
Rooflights 0.2x| 1 | «[ 128 ] x[ mo ] x[ wea | x[ o7 ] =[ 10w JeE2
Roeflights 0.0x 1 | = 221 | x[ =m0 J=x[ s |=x[ o7 | =[ 1mme i@
Rooffights 0.9 1 | =] 1.26 | = 139 | = [ e | = | 07 | =] 9452 |82
Rooffights oo 1 | «] 22t x| s | x| ess | x| o7 ] =[] tesm e
Rooflights 0.9x | 1 | x[ 12 | x[ | x[ s | x[ o7 | =[ s |e2
Roofiights 0.0x| 1 | x[ =m ] x[ | x[ wes | x[ o7 | =[ 1wn_ |e
Roefiights 0.0x 1 | «[ 128 ] x[  us ] x[ oes | x[ o7 ] =[ &sms e
Roofiights 0.0x| 1 | = 221 ] x[ ms ] x[ s | x[ 07 | =[ woe JE=
Rooflights 0.2x| 1 | = 128 ] =] & | = [ oas ] x| 07 | =] 33.01 |82
Rooflights 0.2x| 1 | = 22t ] =] & | = [ oas ] x| 07 | =] 57.20 |82
Raofiights 0.0x| 1 | =] 128 ] =] 31 | = [ oms | =] 07 | =] 18.5 |82
Rooflights g0 1 | =] 221 ] =] 31 | = [ oms | =| 07 | =] 28,95 |is2
Rooflights 0.9x| 1 | x[ 12 | x[  = | x[ s | x[ o7 |=[ 1ws Je2
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DER WorkSheet: New dwelling design stage

Roofiights 0.0 1 | =] 221 | =] 21 | = om | x| 07 | =] 13.42 | sz
Solar gains in watts, calculated for each month (83)m = Sum{T4)m ...(EZ)m

(23jm=| 72006 | 13129 [ 120,55 2782 28 | 3320.74 ] 3412 70| 325043 2314 40| 228500 1507 44| 3706 | Eoaz7 | 23
Tetal gains — internal and solar (84)m = (73)m + (33)m , watts

(s4)m= [ 1426.21| 200533 [ 262374 | 2412 58 | 3023.08 | 2088 64 | 3770.83 235082 2224 51| 211002 | 1531.94] 120825 | 24

Temperature during heafing periods in the living area from Table 9, Th1 (°C) {353

Utilization factor for gains for living area, h1,m (see Table 9a)
Jan Feb Mar | Apr May | Jun Jul Aug Sep Ot Mov | Dec
(&)= 1 1 e 0.96 088 074 058 0.66 089 0.ae 1 1 (2a)

Mean internal femperature in living area T1 (follow steps 3 to 7 in Table 9¢)
(M= 1907 | 103 [ 1980 | 202 | 2062 | 2083 | 2006 | 2004 [ 2071 | 2003 | 1051 | 1905 | {27)

Temperature during heating periods in rest of dwelling from Table 9, Th2 (*C)
[B-E-]rn=| 19.84 | 1864 | 19.85 | 1867 | 19.67 | 1867 | 19.67 | 1867 | 19.67 | 1967 | 1066 | 19.68 | (33)

Utilization factor for gains for rest of dwelling, h2 m (see Table 9a)
tegm=| 1 | 1 [ oes | o0o5 [oea [ oes [osa | 05 [os2 [oms | 1 [ 1 | (23)

Mean internal femperature in the rest of dwelling, T2 (follow steps 3 to 7 in Table 9¢)
[m]m=| 1?.ug| 1743 | 17.38 | 1873 | 19.31 | 18,55 | 19,66 | 10,65 | 10.43 | 18,65 | 17.75 | 17.07 {30

fLa = Livang area < (4} = 044 21}

Mean internal temperature (for the whole dwelling) = LA = T1 + {1 —fLA} = T2

(ezjm= | 1797 | 1228 [ 4375 | 4820 | 18ae |\ 2016 | 2024 [ 2022 | 2 | B3 | 1s53 | 1705 | {82)
Apply adjustment fo the mean internal temperature from Table 4e, where appropriate
(ezjm= | 1787 | 1228 | 1375 | 4820 | 1wao | 204 | 2024 | zoz2 [ 20 | B3 | 1852 | 1705 | {93)

Set Ti to the mean internal temperature obtained at step 11 of Table 9b, so that Ti,m={7&)m and re-calculate
the ufilization factor for gains using Table 9a

|Jan| Feb| I'-.-'Iar| ."-"upl| I'u'Iayr| Jun| Jul | .ﬂ.ug| Sep| Clct| Nmr| De:|
Utilization factor for gains, hm:

@am=| 1 | 1 | oes [ ome | oss | o067 | 05 [ o [ome [om [ 1 [ 1 | (94
Useful gains, hmGm , W = {94)m x (34)m

(e5)m= [ 1424.87] 201705 2641.35 | 2210.84 | 33005 | 2877 82| 1884 02 193171 | 23851 | 208265 | 1527.71] 1207 28 | {95)
Monthly average external temperature from Table &

er=| 43 | 42 [ &5 | a9 | 17 | 146 | 8e | 164 [ 141 | 08 | 70 ]| 42 | (2)
Heat loss rate for mean internal temperature, Lm , W =[{39)m x [{93)m— (96)m ]

(2= | 7554 42| 7258.04 | 6716.43 | 584142 | 430501 ] 2084 54| 105273 2051 05 3163.03 4671 31 [ 743] Tama7 | (37)
Space heating requirement for each month, KWhimonth = 0.024 x [[97)m — (95)m] x (41)m

(egjm= | 45531 | 25a014[ 30310 [174asaf7eese | o | o | o [ o [1o4084334507( 4m0z7

Total per year (KiWhirear) = Sum(B8), w o = 23907.06 (a8

Space heating requirement in KWhim=fyear {993

Space heating:
Fraction of space heat from secondary/supplementary system III{EEH}
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DER WorkSheet: New dwelling design stage

Fraction of space heat from main system(s) (202)=1-(201)= 1 {202)
Fraction of total heating from main system 1 (204) = (202) = [1 - (203]] = 1 {204)
Efficiency of main space heating system 1 238 {206)
Efficiency of secondany/supplementary heating system, % ] {208)
| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Cict | Mov | Dec k'Whiyear
Space heating requirement (calculated above)
| £553.1 | 3&39.14| 30310 | 1?43.53| TOD.EE | o | 0 | a | 0 | 19+::.34| 3345.9?| 48027 |
{211m = {[{98)m x (204)] } x 100 = (208) 211)

|5121.59|4c-3?.23|341u.4a|1931.23|ana.?a| 0 | o | 0 | o |2133.1?|3?E3.?4|51?T.39

Total (KWhipear) =Sum{211), ,,. =

Space heating fuel (secondary), KVWhi/month
= {[(98)m x (201)] } x 100 = (208)

2655482 {211)

eimmd 0o [ o [ o [ o [ o | o [ o | o | o] o | o] o

Total (Kthiyear) =Sum{215), ., =

0 218)

Water heating
Output from water heater (calculated above)
22074 | 20229 | 21188 | 18038 | 18511 | 18472 | 15r.55| 17378 | 1?3.?5| 196,41 | 2065 | 22388
Efficiency of water heater 28T |{21ﬁ’}
[21?3m=| S-E.TEI| 5ETE | 83.75 | 5568 | 35.45 | 55T | 367 | BELT | 367 | 5EE | 8877 | ) @217

Fuel for water heating, EVWh/month
(219m = (64 _x 100 = (217 Im

[219:m=| 36574 | 227908 | 23685 | 21355 | 208 22 | 189,39 | 18172 | 200,44 | 20041 | 221.45 | 234,58 | 25225

Total = Sum{z19a) - =

262035  |i2m)

Annual totals kWh'year kWhiyear
Space heating fuel used, main system 1
Water heating fuel used 262935
Electricity for pumps, fans and electric keep-hot
mechanical ventilaticn - balanced, extract or pesitive input from outside {230s)
central heating pump: (230c)
boiler with a fan-assisted flue {230¢)
Total electricity for the above, KWhiyear sum of {230a)...{230g) = 231)

Electricity for lighting
Electricity generated by PVs

Energy Emission factor

K\Whiyear kg CO2/K\Wh
Space heating (main system 1) 211 = =
Space heating (secondary) (215) x =
Water heating (219 x =
Space and water heafing (201) + (202) + (263) + (284) =
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e Jem
I
[aore ey
(285)
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ENERGY STRATEGY

DER WorkSheet: New dwelling design stage

Electricity for pumps, fans and electric keep-hot (23] =
Electricity for lighting {23) x

Energy saving/generation technologies
Item 1

Total CO2, kglyear
Dwelling CO2 Emission Rate
El rating (zection 14)

sum of {285)...(ZT1) =
272) = (4)=

mm e
Cmm e

[ e
oo
-
——

DRAFT
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