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Diocese of London/Carbon Trust

Execut ive Summary
Background

The Generic Building Solutions project has been developed as a collaborative exercise between Diocese
of London, the Carbon Trust and Arup to address the challenge of 2050 carbon reduction commitment of
an 80% reduction in emissions against 2005 levels. The work has addressed the intrinsic characteristics of
the ecclesiastical sites, not only of the characteristics of the building fabric and building services but the
patterns of use of the site, the potential for alteration in heritage structure i considering the broader picture
of the factors that effect carbon emissions.

The Diocese of London covers 277 square miles of Greater London north of the Thames from Staines in
the west to the Isle of Dogs in the east and as far north as Enf ield. It comprises the Cities of London and
Westminster and the London boroughs of Brent, Harrow, Ealing, Hillingdon, Barnet, Camden, Enfield,
Haringey, Hackney, Islington, Tower Hamlets, Hounslow, Kensington & Chelsea, Hammersmith &
Fulham, part of Richmond-upon-Thamesand Spelthorne in Surrey. The purchased energy summary is
given in Table Il. The purchased energy for the Diocese is summarised in Table |

Table | Diocese of London - Purchased Energy (2007 accounts)

. CO, tCO,e
Quantity Cost Emissions
Purchased Factor
kWh £
Grid Electricity 14,800,000 1,400,000 0.000544 8,051.2
Natural Gas 52,900,000 1,800,000 0.000184 9,733.6
Total 67,700,000 3,200,000 17,784.8

Note: The quantity of oil consumed in the estate contributes less than 1.5% of emissions so has been subsumed in to the gas
consumption

Energy Survey of Churches

20 churches were surveyed to examine their energy consumption and patterns of use and how this
impacted upon the carbon emissions from the site. The churches selected gave a representative cross
section of architectural types and varying energy use within those categories.

The survey work involved discussions with key members of the Parish who are charged with the
responsibility of running the church and ancillary buildings and who have the most direct influence over
how energy is used. Temperature and humidity data logging was used to see the control characteristics
and patterns of use and thermographic photography to examine thermal behaviour of a selected few.

The Model Church

St Johnos, watadlettedragthelasis of the Model Church against which the carbon saving
measures were tested. The church was typical in many respects 1 Victorian gothic construction with a mid
table position in the energy use and carbon emissions ranking. Figure | indicates the IES model compared
to the actual. The energy model was reconciled against the actual energy consumption by minor
adjustment of air leakage rates, this achieved agreement with actual energy use at an infiltration rate of
0.95 ac/h.

The energy use of the Model Church in its as-built state is as shown in Table I.

Table 1l St Johno6s HBxdergy and @2 Cbhisumption for 2008
kWh kWh/m?2 Kg CO2 kg CO2/m2

Electricity | 43057 39.2 23380 21.28

Gas 155089 141.2 28536 25.98

Treated Area = 1099m2 Total 47.26
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Figure | Model Church used for analysis of carbon reduction measures

St J o Nuotiirdg il Model Church IES model

The CO, splits into end use are given in Figure | which shows the principalc o mponent s of a chu
emissions are from space heating and lighting - the generic building solutions focused on these areas.

Figure | The Model Church split of CO, emissions into end use

Model Church CO2 Emissions Splits

O Heating Electric
B Lighting

OFans & Pumps
O Catering

B Small Power

O Heating Fossil

305 1%

Generic Building Solutions

The generic building solutions have used this model as the datum and a means of quantifying energy and
emission savings. The generic building solutions strategy follows a hierarchy that is shown in Figure II.
This looks to affect change in behaviour first before looking at technological solutions to reduce demand
before applying low and zero carbon technology, see Figure II.
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Figure 1l

<:Demand Reduction Solutions> <: System Set-Up > < Behavioural Change >

Generic Building Solutions
Energy and Carbon Reduction Hierarchy

Motivation and Accountability of Users
Feedback on energy use and emissions to change behaviour of those who use and run
the church and ancillary buildings

Energy Management
Smart meters to underpin monitoring and targeting
Linked to a system to trigger corrective action

System Controls
Ensure controls are at the correct set points and time-switch settings with regular
checks to avoid wasle

Technological Solutions
Investment in energy efficient plant equipment and controls to reduce energy demands

Fabric Improvements
Often constrained because of the heritage fabric but measures are usually long term
and robust ‘

Low and Zero Carbon Technologies
Application of higher investment options for heat and power generation
Undertake once demand reduction and behavioural change are in place

Table Il tracks the improvements in energy and emissions by applying this strategy to the Model Church.
The table takes a selection of solutions from this report that provide the requisite energy and emission
savings and are estimated as viable economically. The viability of the low and zero technologies are
heavily dependent upon the subsidies and incentives offered by the Government. For bio- mass and
ground source heat pump heat this is in the form of the Renewable Heat Incentive and for PV the Feed in
Tariffs which have been set to promote the up take of these technologies.
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Table 11l shows that application of these measures in the model church yields a 90% reduction in
emissions - which is encouraging in that the 2050 target is obtainable.

Table 11l Energy and Emission reductions with application of Generic Building Solutions

Ref | Generic Building Description Energy and Emissions
Solution
0 Base model Model church Electricity 42,236kWh
Gas 155, 951kwWh
Emissions 51,502 kg of
CO;
1 Motivation & Smart metering and feedback to users Electricity 35,900 kWh
Accountability Robust system of monitoring and targeting Gas 132,558 kWh
+ linked to a system of corrective action, checks Emissions : 43,776 kg of
Energy management and balances CO»
15% reduction in energy use
15% reduction in emissions
2 Space Heating Creation | Pew heating with electric conducting foil Electricity 36,977 kWh
of micro-environment accompanied by control of church to lower Gas 110,048 kWh
bulk air temperature Emissions: 40,217 kg of CO»
17% reduction gas consumption
3% increase in electrical energy
8.1% reduction in emissions from case 1
3 Lighting LED & Lighting | Application of low energy lamp technology with | Electricity 17,558kWh
control Lighting control , maximising daylight, zoning Gas 110,048 kWh
for multi-functional use, lower levels of general | Emissions: 29,730 kg of CO,
lighting, use of LEDs for task and accent
lighting
53% reduction in electrical energy
26% reduction in emissions from case 2
4 Air tightness Application of secondary skin to glazing and Electricity 17,558kWh
improvements draught stripping measures to reduce air Gas 95,641 kWh
infiltration from 0.95ac/h to 0.5 ach/h Emissions: 27,079 kg of CO»
13% reduction gas consumption
9% reduction in emissions from case 3
5 Bio-Mass Boilers Wood pellet boilers to deal with remain space Electricity 17,558kWh
heat load Gas 0 kWh
Gas load is transferred to wood pellets with a Wood Pellet 95,641kWh
carbon tariff of 0.025kg/kWh Emissions: 11,872 kg of CO,
56% reduction in emissions from case 4
6 Photo-Voltaics PV applied to the south orientated roofs Electricity 4,160kWh

16kW of polycrystalline panels generating
17863 kWh of electricity 25% of which is fed
back to the grid

76% reduction in electricity

41% reduction in emissions from case 5

Gas 0 kWh
Wood Pellet 95,641kWh
Emissions: 4,637 kg of CO»

Comparison of Datum to the Model Church with Generic Building Solutions

90% reduction in
emissions

The report discusses more Generic Building Solutions that will provide similar reductions in energy and
emissions i some may be more appropriate than others to a particular church. The report also covers

more conventional recommendations which will be appropriate for the ancillary buildings that have less
architectural constraints but are included here for completeness.
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Impact of Generic Measures on the Whole Estate

Table IV considers the application of these generic measures over the total Estate; each measure has
been considered singularly although in practice the measures will be applied in clusters. The percentages
noted below are the assumed levels of application in the Estate considering that there will be site
restrictions that will prevent universal application. Table IV just gives the impact of each measure
considered in isolation from any of the others. The assumptions are:

- Energy management and behavioural changes applied to 100% of the estate

- Space heating and lighting measures 80% of the estate

- PV is assumed to be applicable to 60% of the estate because of planning and site
restrictions.

- Biomass assumed to be applicable to 80% of the estate.

- As an alternative CHP is assumed to be applicable to 80% of the estate.

- As another alternative, ground source heat pumps are assumed to be applicable to 60%
of the estate.

The payback periods for these measures have been determined using the Model Church and are
fully detailed in the economic analysis in Section 7 of this report.

Table IV Individual Impact of Generic Solutions applied to the Diocese of London Estate
Estimated Annual Savings Estimated
Financial tCO e Energy N?OSt Orf
‘ Savings Savings Savings easure
Recommendations
and Key Actions £ tonnes kWh £ Comments
Smart metering and 210,000 1208.1 2,220,000 239,500 Parish Returns provide some
feedback to users - feedback on how individual churches
Electricity savings are performing on carbon emissions.
Datum is assumed to be 15% of
2008 energy and costs identified in
purchased energy worksheet
Smart metering and 270,000 1459.7 7,935,000 239,500 Parish Returns provide some
feedback to users - feedback on how individual churches
Gas savings are performing on carbon emissions.
Datum is assumed to be 15% of
2008 energy and costs identified in
purchased energy worksheet
Pew heating with 245,000 11211 6,094,080 1,120,000 14.4% Savings in gas energy a re
electric conducting made compared to the datum but
foil accompanied by with an 3% increase in electricity
control of church to consumption for the pew heating.
lower bulk air This results in a net saving of CO2.
temperature Assumed that 80% of the estate
take up the option
Application of low 515,200 2963.8 5,446,400 2,567,440 13% saving against datum.
energy lamp Assumed that 80% of the estate
technology with take up the option
Lighting control ,
maximising daylight,
zoning for multi -
functional use, lower
levels of general
lighting, use of LEDs
for task and accent
lighting
Application of 132,480 716.2 3,893,440 3,832,000 9.2% savings in gas energy
secondary skin to identified against datum. Assumed
glazing and draught that 80% of the estate take up the
stripping measures option
to reduce air
infiltration from
0.95ac/hto 0.5
ach/h
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Estimated Annual Savings Estimated
Financial tCOze Energy ,\;:OSt of
‘ Savings Savings Savings easure
Recommendations
and Key Actions £ tonnes kWh £ Comments
Wood pe llet boilers 1,634,348 6727.4 36,570,000 24,467,320 Replacing old gas fired boiler plant
to deal with space with bio -mass boilers. The CO2
heat load displaced by the burning wood
pellets instead of natural gas is
expressed in the savings. Cost
savings inc lude the subsidy from the
Renewable Heat Ini tiative. 80%
take -up assumed
PV applied to the 1,640,479 2793.7 5,133,826 34,170,71 0 | PV running costs account for the
south orientated new Feed in Tariffs and PV
roofs. 16kW of maintenance costs.  Assumed that
polycrystalline 60% of the estate take up the
panels generating option
17863 kWh of
electricity 25% of
which is fed back to
the grid
Ground Source Heat 2,519,591 12.4 67,462 47,712,000 Ground Source heat pumps will
Pumps providing displace ga s energy used for heating
space heating but with additional electricity use
the net CO2 savings have been
expressed here as gas savings.
Assumed to be applied to 60% of
the estate. Subsidies from the RHI
included. The GSHP would be an
alternative solution to bio  -mass
boilers but with a longer payback
period
Mini CHP sized on 1,835,322 8314 1,5278,950 15,407,000 Mini CHP coupled with
base heating load of supplementary gas fired boilers -
50kW of church and savings compared to the datum
ancillary buildings case. Again th is systemis an
alternative to bio  -mass boilers with
an application to 80% of the estate
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1 Introduction

whose
polic

The Diocese of London is implementing its d.ondon Challenge 20126, one of
commitments is to supportt he Chur ch of Engl @&king th¢ Foaprir )
Campaignd. T hledes@haegét Feduntigrein carlpoo emissions, from those of
2005, of at least 20.12% by 2012 and 80% by 2050, and to review and mitigate the
environmental impacts of the activities of the organisation.

Beyond this the Diocese of London has the challenging aspiration of 100% sustainability
across the whole range of measures that make up environmental performance. As such the
Diocese is aiming to assess how the entire stock (480 churches) can be assessed, in order
to develop generic solutions to improve environmental performance.

The Generic Building Solutions project has been developed to address the tougher
challenge of the 2050 carbon reduction commitment. The work will address the intrinsic
characteristics of the ecclesiastical sites, not only of the characteristics of the building fabric
and building services but the patterns of use of each site, the potential for alteration within
the constraints of a heritage structure i considering the broader picture of the factors that
affect carbon emissions.

1.1 Generic Building Solutions

The Diocese and Arup worked together with existing information and data collected from
pre-visit questionnaires to identify the sites to be surveyed. A sample of churches was
identified that represented the range of architectural types within the stock, and with a range
of carbon emission levels. From this the churches to be surveyed were selected and data
from the sites used to develop a set of high level environmental performance parameters
and to identify factors constraining necessary alterations.

1.2 Benchmarks

For the purpose of this interim report we have used provisional benchmarks from the data
we have collected thus far, see Table 1.1. More refined benchmarks are being developed by
the Diocese through this and other initiatives which is still work in progress.

Table 1.1 Church Provisional Energy Benchmarks

Good Practice Typical

Gas
kwh/m2

Elec
kKWh/m2

Gas
kwh/m2

Elec
kKWh/m2

175
140
110

70

Medieval 32 130 50
17th Cent 32 105 50
Victorian gothic 32 85 50
Modern 32 55 50

Good Practice Electricity
Splits

Elec
kWh/m2

Elec
kWh/m2

Lighting

21

33

Small Power

6

10

Fans & Pumps

Catering

Total

32

50
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2 Survey of Churches

The selection of the 20 churches for survey was based upon their energy use, architectural
type, their composition in terms of church/church hall/vicarage and patterns of use.
Reference hasbheenmade t o t he Di careefhuickes databaset Parishy
energy returns, quinquennial inspection reports and additional data collected by
guestionnaire.

2.1 Care of Churches Database

This database has been collated by the Diocese and contains information on:
e Parish
e Whether the location is in a conservation area
e Any listing of the church building
e Principal date of construction
e History
e Building description
e Generic description of architectural type
e Details of church usage
e Options for on-site renewables

In order for the solutions to be generic and applicable to such a diverse range of buildings
the samples needed to contain a spread across all of the various categories.

It was decided that participant churches in the Two Cities Audits (Westminster and City of
London) would not form part of the selection for the Generic Solutions project at this stage.

2.2 Parish returns

The database provided by the Diocese also contaied utility data from the parish returns of
the last 3 years. The data included figures for gas and electricity consumption (kwWh), and
use of ail (I) for roughly 40% of the churches in the Diocese.

The figures were converted to kg of CO, and the churches ranked in order of absolute
energy consumption. The ranked churches were then plotted on a line graph to show the
performance of the churches in terms of CO, emissions based on 2008 energy consumption
data.

DEFRA CO, Conversion Factors were used for this exercise.
Electricity: 0.54 kg of CO, /kWh
Natural Gas:  0.18 kg of CO, /kWh
Ref 2009 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting

Factors rounded 2 places of decimals which is appropriate to the dynamic model accuracy and the
assumptions made in the analyses.
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2.3 Churches Surveyed

The churches selected and surveyed in this exercise are summarised in Table 2.1 and
ranked in order of absolute emissions (kg of CO,/year).

Table 2.1 List of Churches Surveyed and Site details in order of CO, emissions
Architectural Year of Gross
P and Group/generic Construction internal
P Ref Site description area m2 Site Descriptions
2402 | All Saints Uxbridge [5] Victorian gothic 1845 483 Church with large churchyard and
Road, Harrow Weald arts and crafts separate vestry hall
brick/ragstone
1116 | St Mary Abbots, [5] Victorian gothic 1872 1226 Church with small churchyard and
Kensington High arts and crafts remote hall (1950)
Street brick/ragstone
1307 | St Mary& Staines [5] Victorian gothic 1828 504 Church with crypt and integral hall in
arts and crafts extensive grounds
brick/ragstone
1205 | Holy Trinity Sloane [2] Classic temple: 1890 1099 Church includes school rooms+ offices
Street, Chelsea portico/tower, Constrained urban site
rectangular/galleries
0713 | St Paul St Stephens [5] Victorian: gothic/ | 1878 1054 Church includes café + art gallery +
Road, Old Ford arts & crafts, Gym
brick/ragstone Constrained urban site
2117 | St Gabriel Walm [5] Victorian gothic 1897 1122 Church includes café + kitchens with
Lane, Cricklewood arts and crafts remote hall +flat
brick/ragstone
2407 | St Andrew Malvern [11] Modern 1954 852 Church with adjoining hall separate flat
Avenue Roxbourne, concrete and glass, and youth centre
Harrow etc Spacious grounds + car park
1106 | St John Ladbroke [5] Victorian gothic 1845 1099 Church + crypt
Grove, Notting Hill arts and crafts Small churchyard
brick/ragstone
0706 | St John on Bethnal [2] Classic temple 1824 1837 Church including crypt adjoining hall
Green portico/tower Constrained urban site
rectangular galleries
1024 | All Souls Northcote [9] Brick Barn late 1898 901 Church with adjoining hall (1950) +
Road, St Margaret's- Victorian/Edwardian office (1995) and car park
on-Thames
0718 | St Paul The [2] Classic temple 1821 1407 Church + Crypt Institute Building
Highway, Shadwell portico/tower (offices+ meeting rooms + residential)
rectangular galleries Churchyard , gardens and car park
2011 | Holy Trinity, Stroud [9] Brick barn: late 1880 727 Church including clubroom, remote
Green Victorian/ Edwardian hall and vicarage
Constrained urban site
2502 | St Lawrence Church | [10] Post WW1 1933 987 Church with churchyard and hall
Road, Eastcote Church including offices and meeting rooms
2301 | Holy Cross Oldfield [9] Brick barn: late 1500 & 1939 988 Two churches small church 16™ cent,
Lane, Greenford Victorian/ Edwardian larger church 1939. Large churchyard
Magna (Old and New
Churches)
1019 | All Saints Church [6] Tower/hall 1960 432 Church with adjoining hall separate
Street, Isleworth hybrid: varying vicarage large churchyard
dates/constructions
1211 | St Saviour Walton [12] Mixed site: 1840 543 Church + flat

Street, Upper
Chelsea

subdivided/truncated

2" floor added in 1991
Constrained urban site
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Architectural Year of Gross
P and Group/generic Construction internal
P Ref Site description area m2 Site Descriptions
1401 | St Mary Finchley, [7] Large medieval: 1350 1047 Church separate meeting rooms and
Hendon Lane probably later house
changes/ Remote hall and car park
reconstruction
0630 | Our Most Holy [3] Renaissance 1888 1128 Church with integral hall and basement
Redeemer Exmouth Italian basilica that accommodates the Institute
Market, Clerkenwell
0520 | St John-the- [11] Modern 1995 361 Church
Evangelist Queen's concrete and glass, Constrained urban site
Drive, Brownswood etc
Park
0820 | St Saviour Wendell [5] Victorian gothic 1894 778 Church + adjoining vestry two level hall
Park, Hammersmith arts and crafts Vicarage and courtyard
brick/ragstone Constrained site
Table 2.2 Energy Use of the Church Sample in order of Report Reference.
Report Church P&P Ref. [Treated floor|Elec kWh kWh Gas| Elec Gas kg CO2 kg
Ref. area m2 kWh/m2| kWh/m2 C02/m2
1 St Pauls, Shadwell (p-eh/c/) 0718 1207 56820, 140110, 47.08 116.08] 59376.14 49.19
2 Holy Trinity, Sloane Street (p-eh/) 1205 1099 89303 228267 81.26 207.7] 94980.5 86.42
3 St Paul's, Old Ford 0713 1054 60172 137419  57.09 130.38 60621.88 57.52
4 St Gabriel, Cricklewood 2117 1122 40910, 310187 36.46 276.46/ 85868.01 76.53]
5 St Andrew's, Roxbourne (p-eh/c) 2407 852 38316 207352 44.97 243.37| 63290.97| 74.29
6 St John, Notting Hill () 1106 1099 43057] 155089 39.2 141.2] 55070.8 50.11
7 St John on Bethnal Green 0706 1837 46322 49434 25.22 26.91] 35059.24] 19.09
8 All Souls, St Margaret's (p-eh) 1024 901 6235 227934 6.92 252.98| 50302.72 55.83
9 Holy Trinity, Stroud Green 2011 727 8202 109337 11.28 150.39] 26928.06 37.04
10 St Lawrence, Eastcote 2502 987 17136] 162297 17.36) 164.43| 42635.56 43.20
11 Holy Cross, Greenford 2301 988 15016] 144444 15.2 146.2 37819.36 38.28
12 i Saints, Isleworth 1019 432 23550 67547 54.51 156.36] 26561.5 61.48]
13 St Saviour, Upper Chelsea 1211 543 39363 7896| 72.49 14.54] 22765.29 41.93
14 st Mary's, Finchley 1401 10471 28921 136979 27.62]  130.83 43748.83  41.7§
15 st John, Brownswood Park 0520 361 10969 71663  30.39 198.51] 20653.15 57.21
16 st Saviour, Hammersmith 0820 778 35167 12536 45.21 16.11 21467.8 27.59
17 i Saints, Harrow (p-eh) 1307 483 29300 60.66 15734.69 32.58
18 st Mary Abbots Kensington 1116 1226 19407| 62522 15.83 50.98| 23301.48 19.01]
19  |Our Most Holy Redeemer
Clerkenwell 0630 1128 0 0.00
20 st Mary® Staines 1307 504 29300 16.03 15910 8.70

Note: Data in red is outside of the expected range and should be investigated by the individual churches to verify the values

submitted.

Note:

p-eh i Part electrically heated

¢ i Significant catering load

The total electricity and gas consumption is shown in kWh and kWh/m? of total internal area
to allow comparisons. Figures 2.1 and 2.2 show a distribution of electricity and gas
compared to the year of initial construction. St Marys, Finchley is a medieval church so data
has been plotted to prevent the time axis being excessively long.

Interestingly the distributions show that there is no correlation between the age of the
church and the fuel and power it is using. Suggesting that the heritage fabric performs
thermally in a similar fashion or that other factors such as the way in which the church and

its ancillary spaces are used and managed are the main factors in determining how they

consume energy.
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Table 2.3 gives a summary of the spatial arrangements and services. Those sites with high
carbon emissions are typified by having detached hall often with supplementary electric
heating and longer operational hours although as will be seen from the table this is not
always the rule.

Table 2.3 Church Space Arrangements and Services, ranked in order of emissions (kg CO,/m?)
Report Church « Elec Gas kg
Ref. _ 3 kWh/m2 | kWh/m2 |CO2/m2
0 o g’ % E
= Q = =
% <) o |, |2 § £ g IF |o g
fol E |8 |5 |o | |a s %’ 5 |E |2
E R I2EERIB0 IT 5 | |8 [T
= |=1© 2|6 |2 | |c £ |lo |8 |
] < = &J < = S | O |~
T F S |= 2 |8 23
[11] —_ S5 =
w =
&
2 |Holy Trinity, Sloane . 81.26 207.7| 86.42
Street A A glw.air | p 63
4 St Gabriel, 36.46 276.46| 76.53
Cricklewood A g/rads A 48
5 St Andrew's, 44.97| 243.37| 74.29
Roxbourne A A A g/rads | p 51
12 |All Saints, Isleworth A glw.air 34 54.51 156.36| 61.48
3 St Pauls's, Old Ford A gym| gluf A 56 57.09 130.38 57.52
15 [St John, 30.39 198.51] 57.21
Brownswood Park g/rads A 51
8 IAll Souls, St 6.92 252.98 55.83
Margaret's A g/rads | p A 43
6  |StJohn, Notting Hill A glrads 51 39.2 141.2 50.11
1 [St Pauls, Shadwell A A A glrads | p A A 48 47.08 116.08] 49.19
10 [St Lawrence, g/w.air 17.36) 164.43 43.2
Eastcote A A g/rads A 30
13 St Saviour, Upper 72.49 14.54f 41.93
Chelsea g/u-f p A 48
14  |St Mary's, Finchley A A g/f.conv A 46 27.62 130.83| 41.78
11 Holy Cross, w.air 15.2 146.2 38.28
Greenford giw. p 30
(2 churches)
9  |Holy Trinity, Stroud 11.28 150.39] 37.04
Green A A glrads 40
17  |All Saints, Harrow A all elec | f A 2 60.66 32.58
16 St Saviour, 45.21] 16.11f 27.59
Hammersmith A g/f.conv| p A 51
| 7 [StJohnaton 25.22) 26.91] 19.09
Bethnal Green A A g/rads A 69
18 |St Mary Abbots 15.83 50.98 19.01
Kensington A g/rads | p A 30
19  |Our Most Holy .
/w.air
Redeemer A A A A g/rads p A A
Clerkenwell
20 [St Marys Staines A A ofrads A 16.03 8.7

| Note: Data in red is outside of the expected range and should be investigated by the individual churches to verify the values

submitted.

Note: g/rads i Gas boiler with radiators

o/rads 1 Oil boiler with radiators

g/ f.convi Gas boilers with fan convectors

g/w.air i Gas fired warm air heating

g/u.fi gas boilers underfloor heating

p - partial electric heating

f- all electric heating

Page 11



Diocese of London/Carbon Trust Generic Building Solutions
Final report
Figure 2.1 Electricity Use of Churches in Sample distributed by Year of Construction
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Figure 2.2 Gas Use of Churches in Sample distributed by Year of Construction
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The occupancy hours are likely to influence the energy consumption of a church where
lighting and equipment are used for the various activities that take place. Figures 2.3 and
2.4 present the energy use data against occupancy hours of the church, hall and other

associated spaces.

Figure 2.3 shows that there is some correlation between electricity use and occupancy
hours. There is however a very weak correlation between gas energy use and hours as can
be seen from Figure 2.4. These correlations were based upon the 11 sites where data has

been validated.
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Figure 2.3 Correlation of electricity consumption and hours of occupancy
Diocese of London
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The weak correlation between gas use and occupancy hours suggests that it is managed on some other
basis than just the occupancy period (note: a good correlation R” will tend to 1 and a poor correlation will
tend to 0). From our monitoring of internal temperature and humidity on a number of the sites it is clear
that minimum temperatures of between 10°C and 12°C are maintained for preservation of the building
fabric. From our observations on the survey work a significant number of churches were heated to set
point temperatures with only part occupancy. This may be a function of the heating system arrangement
and/or its control.

Figure 2.4 Correlation of gas consumption and hours of occupancy
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2.4 Performance of Survey Churches

Table 2.3 shows the churches in order of carbon emissions per m?; it is worth a look in more
detail at three of the summary churches to understand the cause and effect.

24.1 Holy Trinity Sloane Street

Emissions recorded at Holy Trinity Sloane Street were 86.42 kgCO,/m2. This is driven by
both electricity consumption at 81.26 kwWh/m? and gas use at 207.70 kWh/m?, see Tables
2.5a and 2.5b. The church construction and systems are given in Interim Report 2 i in
essence this is a Victorian Gothic Church with solid brick and stone walls completed in
1890, see Figure 2.5.

Table 2.5a Holy Trinity Sloane Street Summary of Energy and Emissions for 2008

Fuel kWh kKwh/m” kg CO, kg CO,/m*

Electricity | 89,303 81.26 48492 44,12

Gas 228,267 207.7 42001 38.22

Treated floor area = 1099m°

Table 2.5b Holy Trinity Energy and CO; breakdown
Category KWh/m® kg of % CO,/m*
CO,/m?

Lighting 15.6 8.4 10.24

Fans & Pumps 55.8 30.1 36.71

Small Power 1.9 1 1.22

Heating & HWS (elec) 5.8 3.1 3.78

Other 2.2 1.2 1.46

Heating & HWS (gas) 207.7 38.2 46.59
Total 82 100

Figure 2.5 Holy Trinity Sloane Street main facade facing west
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The church is open to the public daily between 8.00am and 5.30pm and as can be seen
from the temperature and humidity traces in Figure 2.6, the church was heated continuously
in the lead up to Christmas to counter a prolonged cold period. During this time space
temperatures were maintained between 19°C and 22°C. During the period between
Christmas and New Year the temperature dropped to 15°C and was controlled at that set
point.

A TM22 analysis was carried out to establish how the electricity breaks down in to end use
the results of this analysis is shown in Figure 2.7. The principal electrical load in this church
was from the large fans used for warm air heating that have large motors and run for long
hours.

Lighting is the next significant load, although with the introduction of compact fluorescent
lamps the consumption was lower than typical and comparable to good practice. Although
the church is served with a large gas fired warm air heater ancillary spaces such as the
office and school rooms use direct electric heating which shows a significant consumption
on the breakdown.

Figure 2.6  Holy Trinity Sloane Street, traces of temperature and humidity

12.05 Holy Trinity Sloane Street
Nave Temperature and Humidity Monitoring 18/1209 to 27/01/10
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Figure 2.7 Holy Trinity Sloane Street, electricity breakdown compared with benchmarks
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The CO, emissions breakdown is shown in Figure 2.8. Gas consumption for heating the main
body of the church is high and this is reflected in a major contribution to the CO, emissions of
the site. The electric fan energy associated with the warm air heating system naturally

contributes significant CO, emissions.

The emission characteristics for Holy Trinity were not typical of the sample churches, a more
usual emission characteristic was seen at the next example at St Gabriel Cricklewood.

Figure 2.8 Holy Trinity Sloane Street, CO, emission breakdown compared with benchmarks
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2.4.2 St Gabriel, Cricklewood
Gas consumption at this church was 276kWh/m? and electricity use was 36.46 kWh/m?,
yielding an emission level of 19.8 kgCO,/m?2 see Tables 2.9a and 2.9b. This church is
another example of a Victorian Gothic construction with solid brick wall with limestone

facing, see Figure 2.9.

Figure 2.9 St Gabriel, Cricklewood

£

U

A CIBSE TM22 analysis was carried out to establish the breakdown of energy into end-use,

see Figure 2.10 for the electricity energy breakdown and Figure 2.11 for emissions.

This pattern of electricity energy use is more typical of the set of churches surveyed.

Lighting is the principal electrical load consisting of a mix of LV tungsten halogen, T8 and
compact fluorescent lamps. The church has a large kitchen which adds electrical load in the
form of catering equipment and associated mechanical ventilation.

Table 2.9a St Gabriels Cricklewood - Summary of Energy and Emissions for 2008

Fuel kwh kKWh/m® kg CO, kg CO,/m”
Electricity | 40910 36.46 22214 19.8
Gas 310187 276.46 57074 50.87

Treated floor area = 1122m”*

Table 2.9b St Gabriels Cricklewood i Energy and CO2 break-downs

Category kKWh/m? CO0,/m* % CO,/m*
Lighting 18.3 9.8 14

Fans & Pumps 2.9 1.6 2.2
Heating Electric 7.3 3.9 5.5

Small Power 0.8 0.4 0.6
Heating Fossil 274 50.43 71.8
Catering Elec 7 3.7 5.3
Catering Gas 2.0 0.36 0.524
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The space heating is the highest in the set of churches surveyed. The reasons for this lay in
the inefficiencies in the system with the age of the boiler plant which is reaching the end of
its serviceable life and lack of local control. Occupancy hours are 48hours/week, close to
the sample average. Table 2.9c shows the split between the church and the detached
church hall energy i the church itself is the main consumer of fuel and power.

Table 2.9¢ Energy Split between Church and Church Hall (based on 2008 returns)

Building Electricity Gas
Church 94.6% 88.7%
Church Hall 5.4% 11.3%

Figure2.10 St Gabri el 6s Cricklewood, electricity br

St Gabriel's Cricklewood Electricity consumptions compared to
hybrid benchmarks developed from Diocese survey data
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Figure 2.11 St Gabr i el 6s ELamisgiok breakdowm dompat®with benchmarks

St Gabriels Carbon dioxide emissions compared to hybrid
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2.4.3 St Paul & Shadwell

St Pauls represents a typical example of energy use in the survey set. This church was
completed in 1821 and is constructed in solid brick with stone columns and rendered
brickwork. It is accompanied on the site with a 3 storey Institute Building which now

accommodates church offices, meeting rooms and a commercial office

Figure 2.12 St Paul® Shadwell North Fagade

-~

P

The energy and emissions for 2008 are shown in Table 2.10a and 2.10b

Table 2.10a Total consumption from utility data

Fuel kKWh kWh/m® | kg CO, | kg CO,/m”
Electricity 56820 47.08 30853 | 25.56
Gas 140,110 | 116.08 | 25780 | 21.36
Treated Floor Area | 1207m”

Table 2.10b Energy and CO, breakdown

Category kWh/m?® | C0,/m* % CO,/m*
Heating + HWS (gas) | 116.1 21.3 46
Heating + HWS (elec) | 16.4 8.8 18.8
Lighting 21.4 115 24.6

Fans & Pumps 0.2 0.11 0.2

Small Power 5.8 3.12 6.7
Catering (elec) 3.3 1.77 3.7

Total CO, 46.6
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Table 2.10c Energy Split between Church and Institute (Based on 2007 data)

Building Electricity Gas
Church 28.6% 84%
Institute 72.4% 16%

This Institute building has a significant proportion of electrical heating energy used by
storage heaters, see Table 2.10c. This arrangement of church using gas heating and
electric heating used in separate buildings is repeated on other sites. This may be a result of
difficulties extending existing heating or gas mains to serve the ancillary buildings but it
results in significant increases in emissions.

In contrast the proportion of gas used for space heating of the church is very large, reflected
in the temperature profile recorded over the period December 2009 to January 2010 period.

Figure 2.13 St Paul& Shadwell, electricity breakdown compared with benchmarks
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3 Generic Church  esandthe Model Church

3.1 Energy Performance Characteristics

Energy data from the survey of 20 churches showed that space heating typically made up
the largest proportion of energy use and CO, emissions - this could range from 45% to 70%
of total emissions. Lighting was the next major component with CO, emissions usually
falling in the range 15% to 35% of the total.

As a consequence, space heating and lighting should be the primary focus for energy
saving measures. To identify the variable measures a Model Church was developed with
which the various measures were tested.

The focus in these carbon saving measures has been the church but measures are also
applicable to the church hall offices and other ancillary buildings.

Ancillary buildings such as church halls, meeting rooms, residential were generally less
architecturally sensitive than the church and as a consequence there is probably more
scope for general measures that have been listed as general carbon reduction measures.
These have been presented in a graded approach of no cost measures which could be
implemented immediately, low cost and those which require higher investment. These
carbon saving measures are generally more conventional without the constraints of the
heritage fabric and contents.

3.2 Thermal Performance of Heritage Fabric

Churches surveyed have a high demand forheatb ei ng t her mally O6heavyéb
response that often requires pre-heating for several hours to reach the set point

temperature. The buildings were generally leaky with air paths through stained glass

grouting, leadwork and poorly fitting doors.

U values are one measure of the thermal performance of fabrics and relate to the insulating
properties of the material. The lower the U value, the less heat will be transmitted through
the fabric and the better the thermal performance.

The historic construction of a church will usually mean that the thermal characteristics are
poorer than modern buildings. Table 3.1 summarises the U values.

Table 3.1 Typical U values of Historic Building Fabric

Building element U value W/m? K
600mm solid brick wall with limestone facing 1.00
600mm solid brick wall 0.86
900mm limestone wall with lime plaster 1.227 1.88
Uninsulated pitch roof with slates 2.6
Stone floor Uninsulated 30m x10m 0.45
Uninsulated 60m x 20m 0.25
3.3 Energy Model

In order to quantify the possible energy savings that could be achieved by implementing the

various solutions being considered for the project, a dynamic thermal model was produced.

IES Virtual Environment 6.0 software was used to modelthec hur ch and St Johnd
Hill (11.06) was chosen as a template for the model.
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St Johnos
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The energy consumption for this church is given in Tables 3.2a and 3.2b.

many of
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The geometry of the model was built using plans provided by the church and the thermal
properties of the various constructions were then assigned to the building fabric. The 3D
rendering of the church in the model is shown in Figure 3.1.

Figure 3.1 Model Church used for analysis of carbon reduction measures

St

J o Niotirty il

IES model
Table 3.2a St Johnds, Emmyand GOg Cadsurhption for 2008
KWh kKWh/m* Kg CO, kg CO,/m*
Electricity | 43057 39.2 23380 21.28
Gas 155089 141.2 28536 25.98
Treated Area = 1099m2 47.26
Table 3.2bSt J o¢Notiirfg Hill Energy and CO2 Breakdowns
Category KWh/m? C0,/m° % CO,/m°
Heating Electric 9.1 4.9 8
Lighting 36.5 19.5 32
Fans & Pumps 1 0.5 0.8
Catering 1.2 0.6 1
Small Power 4.1 2.2 3.6
Heating Fossil 182 33.5 54.74
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Table 3.3 shows the external elements of the building, their construction and the
corresponding U values assigned to the base model.
Table 3.3 Assumed Thermal Characteristics of the model Church
Element Construction U value (W/m2.K)
External walls 200mm facing limestone, 400mm inner brickwork and 1.008
plaster finish. '
Windows 4mm single glazed panes in metal frames. 5.659
Exposed Floors Brickwork outer leaf, 100mm layer of concrete and 0.706
50mm screed. '
Roof Clay tiles, uninsulated void and suspended plaster 2057
ceiling. '

The heating systems for the building were entered into the model. The main heating in St

Johndés is provided by two natur al gas fired bo
radiators located throughout the building. For the purposes of the model a system seasonal

efficiency of 65% was assumed for the Low Temperature Hot Water (LTHW) system. There

are also a small number of rooms that use direct electric heaters for space heating and

these were modelled accordingly.

Domestic Hot Water (DHWS) is heated electrically, in two 15 litre minimum storage units

located in the undercroft kitchen and instantaneous point of use units elsewhere. A DHW

delivery efficiency of 80% was used inthemodel. Li ghti ng in the main bod
by PAR 38 incandescent spotlights, with additional 12V dichroics used in the galleries. The

undercroft and ancillary areas of the church are lit by a mixture of T12 fluorescent tubes,

600x600 T8 fluorescent fittings, compact fluorescents and 12V dichroics lamps. The total

lighting wattages in each zone were summated and then divided by floor area to give W/m?,

these figures were then entered into the model for each zone.

The TM22 analysis of the energy use is shown in Figures 3.2 and 3.3 which shows a typical
profile of churches monitored predominately space heating and lighting dictating the energy
use and emissions.

Figure3.2 St Johnods, electricity breakdown compar e

St John's- System electricity consumptions compared with hybrid
benchmarks developed from Diocese survey data.
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Figure 3.3 St J o h n @érdssion Br&kdown compared with benchmarks

St John's carbon dioxide emissions and benchmarks from all
fuels compared to hybrid benchmarks developed from
Diocese survey data.
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Thermal templates were set up to replicate the way in which the church is occupied and

used in reality. Heating templates mirrored th
periods between 8am-12pm, 1pm-3pm and 4pm-7pm. The heating control was set to 15°C

in the base model, with a set back temperature of 12°C. An occupied zone with a height of

3.4m was set up in the main body of the church and the heating template applied to this

zone. The heated air from this occupied zone was then allowed to interact freely with the

space above.

Equipment gains do not contribute significantly to the load of the church and standard
default templates were used in the model.

St Johndés is a naturally ventilated building w
and utility room. The dominant factor on the heat load of the model was the infiltration rate

into the large volume of the main body of the church. This air change rate was used as a

method to test the robustness of the model and was required to be set at 0.95 air changes

an hour in order to reconcile energy consumption in the model with metered data from the

church utility bills.

3.31 Energy Model Results

The model was run and after a series of iterations reconciliation with the actual energy
consumed was achieved. This was essentially achieved by slight adjustment of the
infiltration rate. An infiltration rate of 0.95ac/h achieved reconciliation. The results of this
exercise are shown in Table 3.4. The annual heat load profile is shown Figure 3.4.
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Table 3.4 Comparison of IES model with Actual Energy Consumption
Source Gas Electricity Comments
consumption | consumption
(kwh) (KWh)
Parish return 155,089 43,057 Metered data from church bills
Base model 155, 951 42,236 IES model reconciled to match Parish return
Figure 3.4
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4 Managementand  Behavioural Changes

41 Motivation and A wareness

Those who use and are charged with the responsibility of running a church should be aware
of the energy that the building is using, and how this compares to benchmarks for that
church reflecting its age, thermal characteristics and patterns of use. For this reason
benchmarks should be appropriate and tailored to the specific factors affecting the church
and its use.

It has been seen that occupancy hours have a significant effect upon electrical consumption
see section 2.3, and benchmarks should be normalised to reflect the effect of these factors.

So if users are making efforts to save energy those efforts will be acknowledged. This will
instil awareness and motivate users to make changes in everyday actions. Energy use
feedback can be given through a range of automatic meters that are now available which
give a visual indication of progress against targets.

The Government recognises the importance of smart meters and has committed itself to
overseeing the roll-out to all domestic customers by 2020. It will provide energy users with
real data upon which to base decisions about operation. Previous studies have shown that
the information from metering has the potential to save between 3 to 15%. To realise these
savings it is necessary for the information to be used by those who run the systems, to
effect change in the way things are operated by checking settings of controls, time-switches
and efficiency of plant and equipment.

4.2 Energy M anagement

4.2.1 Monitoring  and Targeting

One of the critical factors of managing a church well in terms of its energy use and
emissions is to have a measure of how well the systems/buildings are running. Without that
knowledge it is very difficult to manage energy use effectively.

A 0 s mmateribgémonitoring system will provide information to keep track of how the sites
are working on a building by building basis with monthly reports identifying any slippage
against targets. Automatic metering will mean these reports can be generated without taking
up the Parish team time in meter reading and recording these in databases which from
experience of manual recording runs the risk of incomplete or inaccurate records.

Smart meters are available that have multi-channel inputs from electrical, gas and water
meters and analogue inputs from temperature sensors recording church and ambient
conditions using wireless technologies. This can be arranged to be stand-alone or have
communication links to a bureau for analysis.

4.2.2 Recommendations for E nergy Management Measures
General rules for improving the energy management apply equally to the ancillary buildings
as well as the church, see Table 4.1.

Table 4.1 Energy Efficiency Measures related to cost

Element Energy Saving Measures

Management | No cost - Introduce a systematic collection of monthly energy data and a
and control regular report back on progress against benchmarks

of services - Monitor controls of lighting and small power loads to ensure that

services do not run unnecessarily
Check that time switch controls match occupancy
periods
Check that if controls have been overridden for the
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Element

Energy Saving Measures

short term that these have been returned to their
correct setting afterwards
Check that unoccupied control settings are correct
and not introducing unnecessary operation, e.g. frost
protection, night set-back.
Check control time switch controls following power
supply failure

- Monitor the operational hours of heating and ventilation systems

during unoccupied periods to detect control malfunction.

Low cost

- Identify areas of building where services are operated to serve a
small proportion of the building and re-zone to accommodate 1
e.g. heating the whole building for one floor or area that operates
with extended hours.

- Select time switch controls that need an over-ride facility with
automatic reset so they return to normal settings after the reset
event.

Higher
investment

- Introduce or upgrade existing controls and automatic metering to
make use of modern software that offers energy monitoring and
targeting facilities. Regular reporting of energy use will identify
any digression from acceptable performance levels. Use a simple
and concise reporting format that gives monthly consumption
compared to benchmark data and previous years data
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5 Tech no logical Solutions

51 Space Heating

Space heating energy and the associated emissions make up the principal load in the
churches surveyed with fuel use ranging between 51kWh/m? to 277kWh/m?. The pattern of
operation of the church has a major influence on the energy used for space heating.

Space heating performs two important functions in church buildings:

- Thermal comfort for those who use the church for worship and community
activities

- Preservation of the heritage fabric and its contents for future generations

Any changes to the heating system, insulation and ventilation, implemented to reduce
energy use and save carbon emissions, should be considered in terms of these principal

objectives. B i | | Bordass and Colin BetmrmgeYour t@QRuUmrcipi
identified some key areas that impact upon the effectiveness of the system and its energy
efficiency:

- to make the church comfortable for 1 or 2 hours involves heating the
thermally massive structure for several hours;

- convective heating systems tend to heat the upper levels of ceiling vaults
before the occupied zone because of buoyancy and stratification effects;

- by trying to heat up the church quickly draughts can be created that
impact adversely on thermal comfort of the occupants;

This provides some important guidance on where carbon reductions could be made in the
design of the heating systems.

As a principle, churches are high mass spaces with intermittent occupancy that benefit from
the use of radiant heating. This provides comfort levels with direct radiant heating of the
occupants, without the need to bring the air temperature, or surface temperatures to a
uniform comfort level. The fabric need only be taken to a level that minimises the risk of
condensation and damp. Practically this temperature would be a minimum of 10°C. This
set-back temperature control is illustrated in the temperature trace from St Pauls Shadwell,
see Figure 5.1. The Church has an occupied set point of approximately 20°C, with a set
back condition of 12°C. This also maintains the relative humidity between 40 and 50%.

Figure 5.1 St TPmperatuesandRelatidew entidity logs for Dec/Jan

0718 St Pauls, Shadwell
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5.1.1 Temperature Profiles

A typical temperature profile for convective heating is seen in Figure 5.2, showing how the

buoyancy effects of warm air leads to stratification of warm air at high level and a deficiency

at low level particular marked on preheating of a cool structure. This has lead to remedial
measures such as 6punk ah-ptheavars airdayer dnd igcheask e v e | t
the air movement in the space. This is an acceptable solution in say an industrial

application, but may not be appropriate for the church aesthetics.

Figure 5.2 Temperature gradient

Convective Heating Systems

High Temperature in Ceiling
(e.g Warm Air)

Vault due to buoyancy effects

Far better is the use of a low level radiant source such as floor warming. Figure 5.3 shows a
near ideal temperature gradient in a high thermally heavyweight Nave using a floor-warming
system. This is a more efficient way of heating a high lofted space creating a micro-
environment in the occupied area and avoiding heating the full volume. This will reduce
energy and emissions and improve comfort of the space.

Figure 5.3 Temperature Gradient for a Floor Warming System

Floor Warming system
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5.1.2 Underfloor Heating

Of all terminal heating units, underfloor heating comes closest to meeting the optimum
comfort profile - that is to have a relatively higher temperature at the floor zone than the
ceiling zone (warm feet - cool head). It is hidden from view and has a long life but has a
slow response to control. See Figure 5.4.

Figure 5.4 Section through solid concrete floor with under floor heating coil

Floor coil Steel reinforcement

Floor Finish

Concrete screed

Polythene membrane 300mu

Insulation

Structural slab

Note: Concrete screed 70mm min for floor loading of 2 1 5 kN, 80mm min for 10 i 15 kN
Insulation - Polystyrene, Styrofoam 50mm for ground floor, 20mm for intermediate

Floor warming applied in a solid floor consists of a layer of rigid insulation placed above the
slab onto which the pipes are laid and covered with screed, Figure 5.4 The other two
constructions use aluminium plates in order to create an even distribution of heat.

It is important that a sufficient thickness of insulation is used (typically 40mm - 65mm) if the
system is to minimize unwanted heat loss. Polystyrene is the preferred choice, but Styrofoam
and compressed mineral wool are also used.

For all constructions plastic piping is used for its strength and flexibility. Polybutelene (PB)
and cross-linked polyethylene (PEX or XPE) are the two most commonly used plastics and
are usually augmented by an internal oxygen diffusion barrier. This barrier helps to eliminate
corrosion of the systembés metallic parts and ch

Underfloor systems have a 50% radiant effect which means that the air temperature in the
church can be less to achieve comfort conditions and therefore energy savings are possible.
Floor temperatures vary between 21° C - 29°C and because the floor is a large area, the
mean water temperature will be less (typically 40°C - 45°C,) which makes underfloor heating
suitable for use with condensing boilers and ground source heat pumps. A high limit should
be used to prevent the maximum water temperature rising above 50°C (5degC above the
maximum flow temperature) to prevent cracking of the concrete or screed.

Modern underfloor systems are typically proprietary, incorporating patterns of pipe snapped
into easily fixable plastic clips which, in turn, are attached to interlocking panels of rigid
insulation. There are three main types of floor construction used with underfloor heating:
Concrete floor, Floating floor and Wooden suspended floor.

Page 30



Diocese of London/Carbon Trust Generic Building Solutions
Final report

Figure 5.5 Details of Underfloor Heating Coils

High Heat Loss - perimeter
zone coil density Lower loss in core area Ij Teo
increased in this zone to coil pitch increased to

increase heat ermsin. reduce emission

7Ny ‘E O Tai

Flow Manifold

Under floor
‘ heating coils

Return Manifold

- T
it
under-floor heating coils

Plan of floor c_:oils showing treatment of the high Secondary circuit for under-floor heating coils
heat loss perimeter Taii internal air temperature
Tao- external air temperature

A
Plan of Heated Space with

The sub circuit shows mixing circuit controlling the emission from the floor with feedback
from the space temperature through Tai with reset of flow temperature against outside air.
The coils are run in continuous lengths of plastic tubing and are connected to flow and
return manifolds each circuit having a means of isolation.

Due to the considerable number of floor constructions possible it is difficult to give precise
heat outputs but a good approximation is 11 W/m? K, where K is the difference in
temperature between the surface of the floor and the air temperature. The maximum
possible output from a concrete floor is about 100 W/m? (for a floor temperature of 29°C and
a design air temperature of 20°C), but this surface temperature should be restricted to
transient areas. 25°C is more the norm for floor surfaces with sedentary occupation.

The Nave and Transepts at Canterbury Cathedral have Multibeaton underfloor heating
systems that were installed in 1993. The underfloor polypropylene coils sit beneath the
Portland stone floor slabs, valve manifolds are located in floor pits in the Nave. An example
of the Nave underfloor heating coil configuration is shown in Figure 5.6

Figure 5.6  Canterbury Cathedral - Example of the underfloor heating coil and manifold pit
arrangement in the Nave. (Plan section)

=

T

i [
] [

PFIPE DUCT

Pax =

7

AIR VENT LINES RUN IN FLCOR AND
BROUGHT UP TO SKIRTIG LEVEL

Page 31



Diocese of London/Carbon Trust Generic Building Solutions
Final report

Conventional floor warming is expensive to install as the whole floor must be taken up for
the insulation and coils to be installed. It probably is therefore best considered where floor is
to be replaced. It can be installed under timber floors and possibly integrated under pew
podiums. The system has a slow thermal response but provides a good level of background
heating and is best applied where the heated areas are in regular use.

5.1.3 Radiant Heating

Radiant heating is another efficient option that will heat the occupants directly allowing a
lower bulk air temperature to be used for the same level of comfort so reducing energy
consumption.

Radiant heaters are generally either panel or strip type and consist of steel or copper pipes
attached to a radiating surface. They can be used with low, medium, high temperature hot
water and steam. They have no moving parts, require little maintenance and can be wall
mounted, free hanging, surface mounted or recessed.

Electrical or direct gas fired radiant heaters are also available but these are visually intrusive
and may be inappropriate for internal aesthetics of the church. As with the majority of
radiant heaters they need to be mounted at high level to avoid the effect of warm heads and
cold feet which occupants will find objectionable.

514 Pew heating systems

A strategy to provide the micro environment around the occupied area is to use local pew
heating. The pew heating can be provided by a below seat water coil that is controlled to a
low surface temperature of 43C to prevent burns to the young or aged. This temperature
would be compatible with the low grade heat obtainable from condenser boiler systems or
ground source heat pumps, see Figure 5.7

Figure 5.7 Under Pew heating with Low Surface Temperature Water Coill
Pew Heating

using hot water heating pipe

Low surface temperature heating pipe
~43C

The water based system would be able to utilise the heat source systems discussed in
Section 7 but the system introduces inflexibility to the pew arrangement. If the church has a
multi function use then an alternative system would be the electric conducting foils that offer
greater flexibility.

The foil consists of typically glass-fabric impregnated with electric conducting plastic PTFE-
Carbon. The electric heating foil can be located beneath the pew seat or on the seat back. It
would also be possible to locate the foil beneath a pew podium. The system could be zoned
to suit the patterns of use within the church and thermostatically controlled for comfort
conditions. This system would be of greatest benefit in spaces that are used on an
intermittent basis, see Figure 5.8.
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Figure 5.8 Pew Heating using an electrical conducting heating foil.
Pew Heating

using Electric heating foil Option A — rear of pew seat

Option B - under pew seat

Option C - in pew podium

The conducting foil has an output of 220-260W/m and is enclosed in a metal case that can
be finished to suit the pew colour to make them visually unobtrusive.

Only products that are BEAB approved should be specified. Poor installations can lead to
damage of the pews and can be a possible fire risk; so the specification and installations
must be by a competent person who can demonstrate an understanding of the issues.

5.1.5 Carbon reductions with p ew heating

The system could be used to switch in only those zones that are occupied to provide
comfort conditions to occupants without bringing the whole of the church up to temperature.
Using the Model Church the electrical and gas energy use was estimated based upon
controlling the bulk air of the church to 12°C and utilising the electric conducting foil system
for pew heating for occupied periods.

The following patterns of use were assumed:

Daily Morning and Evening Prayer 20 occupants 2 hours a day

Sunday main service

Evening service

110 occupants for 2hours

90 occupants for 2 hours

Assuming 26 weeks that pew heating will be required and that an occupant will
take 600mm of pew then the electrical consumption

Electric foil heating = 1508kWh

Table 5.1 Pew Heating Carbon Savings

Source Gas consumption Electricity consumption Comments
(kWh) (KWh)

Base model 155, 951 42,236 IES model reconciled to match Parish
return

CO2 emissions 28,695 22,807

Pew Heating 130,200 43,744 Using electric conducting foil for pew
heating

Energy Savings 25256 -1508 Additional electricity cost for foil heating

Energy Cost Savings £757 £165 Gas assumed to be 3p/kWh
Electricity at 11p/kWh

Nett cost savings £592

CO; emission savings | 4647 -814 kg of CO>

Nett CO, savings 3833 kg of CO,
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5.1.6

General Recommendations for Space Heating and Hot Water Systems

Section 7 looks in detail at low carbon heat source strategies Table 5.2 provides general
recommendations that are applicable to both church and ancillary buildings.

Table 5.2 Summary of Recommendations for Space Heating and Hot Water Systems

Element

Energy Saving Measures

Boiler plant

No cost

Check boiler operation outside normal occupied hours, set back
and frost protection operation.

Check optimum start settings of heating plant ensure the
controller is shortening preheat periods in milder weather i log
heating plant on hours against outside temperature.

Check compensator control settings, ensure that flow water
temperatures are reduced as required in milder weather.

Low cost

Service boilers check combustion efficiency, check burner
settings, check cleanliness of flue-ways.
Clean heat exchangers and burners to ensure optimum running.
Check boiler capacity control to ensure load is met by fully loaded
boilers rather than a greater number of part loaded boilers.
Check that boiler plant is operating in stable manner, rectify any
fast cycling of boilers with control settings, on burner
replacement consider modulating burners on larger boilers.
Consider measures to reduce standing losses caused by air flow
through unused boilers; automatic flue gas dampers or burner
inlet dampers.
Check and repair any damaged or missing insulation to the boiler
shell, pipework and fittings.

Higher investment

On upgrading boiler plant consider the use of condensing boilers
to raise the thermal efficiency of the heating system.

See Notes on Bio-mass boilers Section 7.2, Ground Source Heat
Pumps Section 7.3 and CHP Section 7.4.

LTHW Space
Heating

No cost

Check the settings of space temperature controls with calibrated
thermometer to ensure settings are not excessive and the control
is accurate.

Check condition and settings of thermostatic radiator valves and
other heating control valves, check with temperature monitoring in
selected rooms that set points are achieved and maintained.
Ensure opening windows are not used to compensate for faults
on space heating controls.

Check settings of compensated control on circuits such that the
flow water temperature does turn down in milder weather.
Ensure radiators and heating coils are regularly cleaned to
maintain specified heat output.

Low cost

Repair and replace damaged or missing insulation on pipework
and fittings.

Clean heat exchangers and burners to ensure optimum running.
Zone heating system to suit patterns of use, fit time switch
controlled zone valves to isolate unoccupied areas of the building.
Consider fitting reflective foil on the inner surface of walls upon
which radiators and other heat emitters are installed, this can
save significant heat loss from the back of the unit.

In high lofted spaces with warm air heating check if stratification is
a problem 1 de-stratification fans and devices can be installed to
break up large temperature gradients and reduce heating energy.

Electric

No cost

Avoid the use of portable electric heating used to compensate for
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Space
Heating

deficiencies in the central heating
Check controls and operation periods of permanent electric
heating installations

Low cost

Install simple thermostatic controls to electrical heating systems i
on-off control with small switching differentials can be used
successfully.

Hot Water
Services
(gas or oil)

No cost

Check calorifiers/water heaters i in hard water areas these will
require de-scaling annually
Clean heat exchangers and burners to ensure optimum running.

Low cost

Check HWS calorifier insulation and repair or replace as
necessary.

Higher investment

Where HWS use is low band intermittent consider the fitting of
decentralised water heating (electric of indirect fired gas) this will
reduce energy use on distribution and standing losses
significantly and can be justified on the basis of total cost in use.
Consider the use of water limiting devices such as flow restrictors,
touch type tap controls or percussive tap heads to reduce hot
water wastage.

Consider measures to reduce circulation losses by decentralising
the HWS system where possible.

5.2 Lighting

Lighting is a principal electrical load in churches - see the energy analysis of the surveyed
churches in section 2.0. There was evidence that a conscious effort was being made in the
churches surveyed to move away from the inefficient tungsten lamps to more energy
efficient compact fluorescent and metal halide sources. There are still older T12 fluorescent
lamps used in church halls ancillary rooms that should be replaced with T5 fluorescents that
will give an energy saving for a similar light output.

The lighting in churches has been mainly influenced by daylighting. Natural light worked with
the church design to help define its form and enhance its aesthetics, see Figure 5.9.
daylighting works well with the architectural features.

Figure 5.9 The Nave of St Gabriels Cricklewood

Ve
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Because many churches are aligned with their long axis running E-W, daylighting effects will
be common to many churches, which have existed from their original construction:

- early morning will have strong daylight flooding through the east windows and
providing backlight to the altar

- through the day the predominate flow of light will be through the Nave south
windows

- evening light will flow through the west windows illuminating the length of the Nave
through to the altar.

After sunset the church took on a much different appearance particularly in times where
candles and oil lamps were the principal form of artificial light. Figure 5.10 illustrates this
change well. The church under artificial lighting can take on a completely different ambiance
without trying to emulate daylighting effects

Figure 5.10 St Mary Abbots, Kensington

This acceptance of different &6édscene settingd c
where controls can be used to manage lighting energy as well as the lighting ambiance.

Replacing the higher wattage tungstenlampsused typi cal ly witor &éscene
discharge lamps will allow large energy savings as the consumption of these lamps is of the

order of one sixth of that of a comparable output tungsten lamp. Lamps can be selected to

emulate the colour rendering of tungsten lamps, which are predominately towards the red

end of the spectrum, or to be more like daylight, with more blue content.

In most instances the luminaires into which the lamps are fitted will not be compatible with
the discharge lamps. The cost of lamp replacement should therefore include luminaire
replacement as well.

There is a disadvantage to discharge lamps in that they do not switch on immediately they

are energised. A run-up time of about 5 minutes is required for them to achieve full

brightness and if extinguished and immediatelyre-e ner gi sed will take even
strikeo. This vice should be viewed igoodt he | i
colour rendering. It is however something that needs careful consideration in situations

where immediate light is required, such as during a candle-lit service when lighting is

required for safe egress of the congregation.
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Interestingly the survey of the churches revealed that had been good progress in replacing
old tungsten incandescent lighting. Alternative light sources are being applied with much
reduced energy input, eg integrated compact fluorescent lamps which come complete with
control gear so that they are a direct replacement for a GLS lamp.. Even chandelier candle
lamps can be replaced with compact fluorescent lamps which are available in colour
temperatures to mimic tungsten lamps.

Light Emitting Diode (LED) lamps can replace Tungsten Halogen spotlights. At present LED
sources do not in general provide as powerful a light source as the TH lamps they replace,
but in many cases TH lamps are used that are unnecessarily powerful for the application.

Figure 5.11 shows how a proprietary lighting control can be used to effect important
changes to the church as a place of worship but also be used as an integral part of energy
management.

Key to this would be to utilise daylight when available and zone the system to match the
patterns of use. For example morning prayers held in a chapel rather than the main body of
the church; - keep the background level of lighting for the church, raising the level of lighting
for chapel area.

Page 37



Diocese of London/Carbon Trust Generic Building Solutions
Final report

Figure 5.11 Example of Scene setting Lighting controls

Morning Prayers Scene Setting Controls

Daylight from the east artificial lighting
focus on alter and choir areas

Main Service

Mid morning daylight should dominate a
bright and warm ambiance - artificial
lighting off or dimmed to low levels

Low light levels for a spiritual ambiance
with accent lighting to highlight
architectural features

Source iLight controls see http://www.ilight.co.uk/scenesettingChurch.htm

Page 38


http://www.ilight.co.uk/scenesettingChurch.htm

Diocese of London/Carbon Trust

Generic Building Solutions

Final report

Table 5.3 summarises the lighting efficacy and luminous efficiency. The Table shows the
advantage of moving away from the incandescent light sources and to compact fluorescent,
fluorescent tube and low wattage metal halide.

Table 5.3 Characteristics of light sources

Overall Lamp Life
luminous (hours)
Category Type efficacy (Im/W)
Combustion candle 0.3
gas mantle 1.0-2.0
100-200 W tungsten 1000
Incandescent incandescent (220 V) 13.8-15.2
100-200-500 W tungsten
glass halogen (220 V) 16.7-17.6-19.8
5-40-100 W tungsten
incandescent (120 V) 5-12.6-17.5
2.6 W tungsten glass
halogen (5.2 V) 19.2
tungsten quartz halogen (12- 2000-8000
24 V) 24
Compact 6000-15,000
Fluorescent
(CFL) 45-75
Fluorescent T8 25mm dia, Wire wound 8000-9000
Tube ballast 52-68
12,000-60,000
T8 25mm Triphosphor 63-100
T5 16mm Triphosphor A0
High Frequency ballast 37.5-106
6,000-20,000
Metal halide 70-107
Light Emitting | white LED (raw, without 2 [R5 S
Diode (LED) power supply) 4.5-150
12,000->50,000
4.1 W LED screw base lamp
(220 V) 58.5-82.9
Luminous Efficacy is the ratio of luminous flux output to the power input

5.3 Lighting Controls

Automated lighting controls can provide ease of use as well as energy savings. From
simply ensuring that the lighting is on only when people are present to sensing when there
is sufficient daylight to warrant turning the lighting off , lighting controls can return large
savings in energy cost and carbon emissions.

In a church where daylight plays a very important part of the general lighting, a level of
sophistication could be introduced to sense daylight and switch luminaires to maintain a pre-
determined level of lighting. A number of scenes can be set up so that the operation of the
lighting during a service or ceremony is simple and effective.

In churches surveyed external floodlighting was not used to any great extent. Where there
was flood lighting provision it was generally restricted to special events. For external lighting
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and floodlighting the addition of a solar clock will make greatest use of daylight savings over
the existing basic time switches.

Simple passive infra red devices (similar to burglar alarm presence detectors mounted on
the ceiling) can ensure that lights are extinguished 5 minutes after people have left the
space. In spaces that have good levels of daylight such devices can also include a photo-
sensor to detect the illuminance on the floor and switch lights off when sufficient daylight is
present.

The operation of the church during a working day may require several reconfigurations of
the lighting to suit activities. Daylight penetration during the day could result in the need for
artificial lighting to change by the hour.

Time of day (and day of week) controls can provide a basic level of switching according to a
programme which can be worked out by staff using the church. With the addition of photo-
sensors detecting the level of outside light available, circuits, even individual luminaires can
be selected for operation to maintain a required level of illuminance within the space.

The results of installing lighting controls include energy savings, improved lamp life and
closer control of the illuminance in the space.

5.4 Future Lig hting Savings

The future of energy saving lighting systems lies with Light Emitting Diode (LED) lamp
technology and controls that can respond to daylighting and patterns of use.

The LED lamp is very directional and not good at diffuse lighting where large areas need to
be bathed in light. One of the principal advantages of the LED is its long life which could be
in excess of 50,000 hours.

At the moment the luminous efficacy is peaking at 150 Im/W but further developments over
the next 10 years could see this at 200lm/W T out-performing conventional lighting sources.

Table 5.4 shows a sample of the lighting types and their installed lighting loads all of which
were manually controlled. The newer lamp technologies have an encouraging installed
loads less than 10W/m? .

Table 5.4 Lighting Loads in five of surveyed churches

Church Lighting Systems Installed Lighting
load W/m?
St J dNetting Hill Mainly T8 fluorescents plus compact
Model Church fluorescents with some 12v tungsten 13.0
halogen
Holy Trinity Sloane Mainly T8 fluorescents plus compact
Street fluorescents with PAR 38 Spotlights 7.0
for scene setting some T12s
St Gabriel, Mainly compact fluorescents and 70
Cricklewood tungsten halogen spots, some T12s '
St Saviour Chelsea Widespread use of tungsten halogen 20.5
coupled with compact fluorescents '
St Andrews Harrow Large number of old T12 fluorescents
and tungsten GLS lamps plus some 19.2

compact fluourescents

If we take the modelc hur ¢ h ( HdttinglHillhwittdaslighting energy consumption of
28.0 kWh/m” and an installed load of 13 W/m? this gives an operation of 2154 hours at full
load.

Page 40



Diocese of London/Carbon Trust Generic Building Solutions
Final report

Assuming we apply a system consisting high efficacy LEDs supplemented with compact
fluorescents together with a lighting control system to allow greater utilisation of daylighting,
PIR detection in unoccupied spaces and zoning of lighting systems commensurate with
patterns of use of the church.

The system operating parameters will be modified to:
Installed lighting load 6 W/m2

Operational hours at full load assuming a 20% improvement over existing: 1732
hours

Lighting energy consumption = 10.3 kWh/m2 (11,353kWh)

Table 5.5 Upgrade Lighting and Controls Carbon Savings

Source Electricity consumption Comments
(KWh)
Lighting Base model 30,772 IES model reconciled to match Parish return
CO, emissions 16,617
Upgrade lighting 11,353 LED6s for task and acc:¢
scheme annual energy Compact fluorescent for general lighting service
consumption Lighting controls and zoning
Energy Savings 5264
Annual Energy Cost £579 Electricity at 11p/kWh
Savings
CO, emission savings | 2842 kg of CO,

Table 5.5 gives a summary of the performance of the upgraded lighting system in the model
church showing an annual saving of £579 and 5264 kg of CO, .

54.1 Recommendations for Lighting Systems
A summary of lighting reduction measures is given in Table 5.3

Table 5.6 Lighting Energy Efficiency Recommendations

Element Energy Saving Measures

Lighting No cost - Manual O0sweepd at e n doffodh-essent@alu p a
lights in unoccupied spaces.

- Consider the cleaning regime and set lighting controls to suit
cleaning periods rather than leaving all the building fully lit.

- Check the operation of existing lighting controls (time switch
settings) should match occupancy patterns,

- Check cleanliness of lamps, diffusers, reflectors and photocells i all
factors that will affect light output, reduced number of lamps or
lower rated lamps may be possible with a well maintained
system.

Low cost - Replace tungsten and tungsten halogen lamps with compact
fluorescent lamps, metal halide

- Modify lighting switching zones to suit occupancy arrangement and
introduce more flexibility for part occupancy and to take advantage of
daylighting.

- Switching arrangement should be unambiguous and logical to
encourage use by the occupant. Switching zones should be as
compact as possible to reduce the number of luminaires that are
left on unnecessarily. Zone to make use of daylight, e.g.
perimeter spaces, or highly intermittently occupied rooms.
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Higher
investment

Replace old magnetic ballasts on fluorescent lighting with high
frequency ballasts this can yield energy savings of 15-20%.
Replace old fluorescent lighting T12 (38mm tubes) installations with
more energy efficient T8 and T5 fluorescent lamp systems.
Consider replacing 12V dichroics lamps with new LED lamps that
have reduced load for the same light output and considerably
longer lamp life, LED lamp capital cost is high and life cycle cost
should be evaluated.

Higher wattage tungsten halogen could be replaced with metal
halide lamps, e.g. a 20W metal halide lamp will have the same light
output as a 50W tungsten halogen lamp

For intermittently used spaces install occupancy sensors (PIR) and

time-switch controls.
For spaces with reasonable levels of day-lighting (e.g. perimeter
zones) consider the use of photocell control with dimmable lights.

External
Lighting

No cost

Depending on the level of security required for the site consider
reduced lighting level for overnight periods once all occupants have
finished using external car parks. This can be either reducing
number of light fittings operational or by dimming if the lamp type
allows

Ensure time switches are adjusted frequently to take advantage of
daylight savings.

Low cost

Consider the fitting of Solar Dial timeswitches to take maximum
advantage of daylight savings
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5.5 Small Power
55.1 Small Power Loads Recommendations
Small power loads are generally modest, but there are areas of high use; this is usually
because electrical heating is used for heating

gas fired heating system.

Small power usage should generally be managed with the monitoring and targeting of
buildings to identify energy wastage. In addition it would be useful to also have a Parish
policy to purchase energy efficient equipment with good energy labels grade A or B.

Table 5.4 Energy efficiency Recommendations for Small Power Loads

Element Energy Saving Measures
Small No cost - Switch off non-essential equipment when not required
Power - For periods of inactivity set auto shut-down on PCs, copiers
etc
Low cost - Install time switch controls on copiers vending machines, etc

for unoccupied periods

Higher - At equipment purchase and replacement select models

investment which offer energy efficient facilities.

- Replace old cathode ray screens with flat screen displays,
the electrical load for a flat screen is approximately half that
of CRT screen.

Motors No cost - Check operational periods and control settings, ensure

and Drives motors are switched-off when not required.

- Check alignment of motor pulley and shaft, check condition
of belts replace and re-tension in accordance with
manufacturers recommendations.

Low cost - Fit two speed motors with controls that will run motors on
low speed for part loads

- Use direct drive rather than belt drives, where belt drives are
to be used consider modern flat types or ribbed belt drives

rather than traditilossesal 06V©H
Higher - Consider fitting high efficiency motors for replacements as a
investment matter of purchasing policy
- Install variable speed drives on motors serving variable
loads.
Catering No cost - Prevent catering equipment being used for space heating.
Equipment - Ensure equipment is switched off when not required.
(electric) Low cost - Repair damaged hinges and sills on cookers and

refrigerators.
- Ensure equipment is well maintained

Page 43



Diocese of London/Carbon Trust

Generic Building Solutions
Final report

5.6 Fans and Pumps

Table 5.5 Energy Efficiency Recommendations for Fans and Pumps

Element

Energy Saving Measures

Motors
and Drives

No cost

Check operational periods and control settings, ensure
motors are switched-off when not required.

Check alignment of motor pulley and shaft, check condition
of belts replace and re-tension in accordance with
manufacturers recommendations.

Low cost

Fit two speed motors with controls that will run motors on
low speed for part loads

Use direct drive rather than belt drives, where belt drives are
to be used consider modern flat types or ribbed belt drives
rather than traditional 6V©0

Higher
investment

Consider fitting high efficiency motors for replacements as a
matter of purchasing policy

Install variable speed drives on motors serving variable
loads.

5.7 Catering L oads

Catering loads are usually restricted to kitchenette type usage but in some multi-functional
churches café and coffee shop type facilities have been set up to engage more with the

community. In these churches the catering loads are more substantial, se e St Gabr i

section 2.4.2.

The data for hot water and catering use shown in Table 5.6 was monitored in sample of
churches in the USA. Whilst the data needs to be viewed carefully because of its different
geographic location the separate monitoring of HWS and cooking provides a useful indicator

of end use.

Table 5.6 Monitored End Use Energy

Load Building Type Consumption
in kwh/m?
Electric water heating Church 6.0
Gas Cooking & Water Heating | Rectory 30.4
Church 10.5
Gas Cooking Rectory 8.0
Gas Domestic Hot Water Church 8.6
Organ small power Church 0.2

Ref Religious Building Energy Use Spielvogal & Rudin ASHRAE Journal 1988

Table 5.7 Energy Efficiency Recommendations for Catering Loads

Element Energy Saving Measures

Catering No cost - Prevent catering equipment being used for space heating.
Equipment - Ensure equipment is switched off when not required.
(electric) Low cost - Repair damaged hinges and sills on cookers and

refrigerators.
Ensure equipment is well maintained
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6 Building Fabric Improve ments

Improvements to the building fabric are long term and robust but with a heritage fabric the
effects of changing the temperature, moisture and ventilation conditions must be fully
analysed before embarking upon a change to the church fabric. In addition the measures
applied must also be sympathetic to the aesthetics of the church. As a consequence areas
where insulation can be added are limited.

6.1 Thermal Insulation

6.1.1 Roof Insulation

The roof probably offers the most practical area to improve the insulation standard of the

church. This does depend upon the roof construction and level of access. A good level of
insulation could be achieved in churches | i ke
was spacious and accessible. See Figure 6.1. Open ceiling vaults or under-drawn ceilings

may require waiting until a re-roofing exercise to consider insulation improvements.

Figure 6.1 Roof Void details of St Paul és Shadwel |

This option has been analysed using the Model Church. The roof construction used in the
base model was clay tiles, with an uninsulated void above a suspended plaster ceiling. This
construction gave a U value of 2.06 W/m2.K. A 250mm layer of mineral fibre insulation at
joist level was added to the above construction to give a U value of 0.15 W/m2.K.

With clear overnight skies condensation can form on the underside of roof covering this is
most marked with metal finished roofs i lead aluminium or zinc and insulation will
exacerbate this effect making the upper roof colder. The condensate will run off on tile or
slate roofs on sarking felts or boards and drain off at the eaves. Metal roofs should be
considered with care because condensate can be trapped that will lead to corrosion
problems (Bordass & Bemrose 1996).

The energy saving from roof insulation shows a 9% saving in energy and 5% reduction in
emissions.
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