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Connecting Existing Buildings to 
D

istrict H
eating N

etw
orks

This report has been prepared for the sole benefit, use and inform
ation of 

G
reater London A

uthority for the purposes set out in the report or instructions 
com

m
issioning it. The liability of Buro H

appold Lim
ited in respect of the 

inform
ation contained in the report w

ill not extend to any third party.
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!
This G

reater London A
uthority (G

LA
) project has been funded by the Carbon N

eutral Cities A
lliance (CN

CA
);    

a collaboration of international cities com
m

itted to achieving aggressive long-term
 carbon reduction goals, cutting 

greenhouse gas em
issions by at least 80%

 by 2050. 

!
The study investigates the opportunity, technical requirem

ents and cost effectiveness of retrofitting existing 
buildings in London so they can be connected to district heating netw

orks. 

!
It then goes on to investigate w

hat further retrofit m
easures are required to buildings to enable heat netw

orks to 
operate at supply tem

peratures of 70 °C and below
. 

!
This reduction in tem

perature enables the integration of renew
able and secondary (environm

ental &
 w

aste) heat 
sources in order to decarbonise heat supply (also term

ed fourth generation (4G
) district heating

netw
orks).

!
The project w

ill look at tw
o fundam

ental aspects of this transition, covering:

•
The technical feasibility and cost effectiveness of retrofitting existing buildings so they can be connected to 
district heating;  

•
And, to w

hat extent the existing building stock and its secondary heating system
s need to be retrofitted to allow

 
heating netw

orks to reduce their supply tem
peratures. 

IN
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R
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D
U

C
T

IO
N
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!
The project is intended to com

plem
ent the G

LA’s existing heat m
apping w

ork and support the developm
ent of 

future w
ork stream

s w
ithin the Energy for Londoners program

m
e and em

erging w
ork from

 the London Energy 
Plan, specifically the heat elem

ent of this. The core objectives of the project are to:

1.
U

nderstand the spatial opportunity as w
ell as the technical and financial issues associated w

ith retrofitting 
London’s existing building typologies that are currently not com

m
unally heated so that they could be supplied 

by a district heating netw
ork.

2.
U

nderstand the optim
um

 level of building energy perform
ance and secondary heating system

 design 
that is required in existing buildings to allow

 low
er tem

perature, 4th G
eneration, district heating netw

orks to 
supply their space and dom

estic hot w
ater heat dem

and w
hilst m

aintaining the required levels of therm
al 

com
fort for their inhabitants. 

3.
D

evelop a generic m
ethodology and approach w

orking w
ith four partner CN

CA
 cities in N

orth A
m

erica: 
M

inneapolis, Seattle, Vancouver and W
ashington D

C; that can then be used by other cities in the CN
CA 

N
etw

ork to ensure the learning and solutions generated by this project are as replicable as possible for CN
CA 

m
em

ber cities.

O
B

JE
C

T
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E
S
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!
Indicative connection strategies w

ere developed for 32 typologies so that they could be connected to district 

heating netw
orks. The typologies included houses, low

-rise flats (purpose built and converted) and high rise flats, 

as w
ell as sm

all and large office and retail buildings on the high street.

!
The cost to connect existing gas centrally heated dom

estic buildings ranged from
 £66/m

2
to £87/m

2, 
equivalent to £4,600 to £6,800 per unit based on the m

odels assessed.

!
The cost to connect the existing gas centrally heated com

m
ercial buildings assessed varied for typologies from

 
£15/m

2
to £82/m

2.

!
The cost to connect the existing electrically heated dom

estic buildings is higher than for gas heated dom
estic 

buildings and ranged from
 £112/m

2
to £141/m

2, equivalent £7,700 to £11,000 per unit based on the m
odels 

assessed. 

!
The cost to connect the existing electrically heated com

m
ercial buildings assessed varied for typologies from

 
£30/m

2
to £191/m

2.
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!
4G

 district heating involves low
ering the supply tem

perature of the heat netw
ork to betw

een 70
°C and 40 °C, 

this reduces the energy requirem
ent of the netw

ork and enables the cost effective use of low
 grade heat.

!
A

t heating supply tem
peratures of 70

°C approxim
ately 99%

 of annual heat dem
and can be m

et, at 60
°C 

betw
een 96%

-99%
, at 50

°C betw
een 86%

-98%
 and at 40

°C this can be as low
 as 50%

-92%
. The ranges are 

dictated by the energy efficiency of the property being supplied.

!
Larger heat em

itters/radiators alone w
ere only sufficient to m

eet 100%
 of the projected heat dem

and at heat supply 
tem

peratures from
 70

°C dow
n to 50 °C. For heat supply tem

peratures of 40 °C investm
ent in energy efficiency and 

supplem
entary dom

estic hot w
ater (D

H
W

) heating is required to m
eet 100%

 of the projected heat dem
and.

!
A dom

estic retrofit m
eeting Building Regulation U

-values including halving air infiltration can reduce unm
et heat 

dem
and from

 40%
to 5%

 in 4G
 D

H
 retrofit. These additional w

orks add further costs of £106/m
2

to £159/m
2, 

equivalent to £4,200 to £12,500 to the D
H

 retrofit, but they allow
 larger em

itters (or variable heat netw
ork supply 

tem
peratures) to m

eet the rem
aining space heating dem

and.

!
For non-dom

estic buildings, investm
ent in new

 double glazing and m
easures to halve air infiltration can reduce unm

et 
heat dem

and from
 40%

to 30%
 in 4G

 D
H

 retrofit. These additional w
orks add further costs of £10/m

2 to £118/m
2

but a supplem
entary energy source (e.g. back up boiler, secondary electric system

) is still required.
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!
U

p to 8.7%
 (330,000) of existing buildings in London fall into the high

cost effectiveness category for 
connecting to district heating

•
These properties are predom

inantly low
 and m

edium
 efficiency electrically heated high-rise flats, low

-rise flats and 
houses, as w

ell as large electric offices. The highest densities of these properties can be found in Tow
er H

am
lets, 

W
estm

inster, H
am

m
ersm

ith &
 Fulham

 and Southw
ark.

!
U

p to 81.7%
 (3,100,000) of existing buildings in London fall into the high or m

edium
 cost effectiveness 

categories for connecting to district heating

•
The m

edium
 cost effectiveness buildings are predom

inantly gas heated low
 and m

edium
 efficiency flats, houses 

and large retail buildings. The highest densities of these properties can be found in Tow
er H

am
lets, W

estm
inster, 

H
ounslow

, Southw
ark, Islington and W

andsw
orth.
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N
ote: The total num

ber of dom
estic buildings in London w

as found to be 3,455,750 based upon LSO
A

 datasets for ‘Property type and bedroom
 count’ from

 O
ffice for 

N
ational Statistics (O

N
S) neighbourhood statistics, 2014. The total num

ber of non-dom
estic buildings in London w

as taken as 331,511 based upon O
rdnance Survey 

A
ddress-Base-Plus, N

ov 2015 and 2011 Census Low
er Super O

utput A
reas; of these buildings, 206,193 are office and retail buildings.
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!
U

p to 4.8%
 (180,000) of existing buildings in London fall into the high

cost effectiveness category for 
connecting to district heating

•
These properties are predom

inantly low
 efficiency electrically heated high-rise flats, low

-rise flats and houses, as 
w

ell as large electric offices. The highest densities of these properties can be found in Tow
er H

am
lets, 

W
estm

inster, Islington, Sutton and Southw
ark.

!
U

p to 21.4%
 (810,000) of existing buildings in London fall into the high or m

edium
cost effectiveness category 

for connecting to district heating

•
These additional m

edium
 cost effective properties are predom

inantly m
edium

 efficiency electrically heated high-
rise flats, low

-rise flats and houses, and low
 efficiency gas heated high rise flats and large electric retail buildings. 

The highest densities of these properties can be found in Tow
er H

am
lets, W

estm
inster, Southw

ark, H
am

m
ersm

ith 
&

 Fulham
 and H

ounslow
.

8

N
ote: The total num

ber of dom
estic buildings in London w

as found to be 3,455,750 based upon LSO
A

 datasets for ‘Property type and bedroom
 count’ from

 O
ffice for 

N
ational Statistics (O

N
S) neighbourhood statistics, 2014. The total num

ber of non-dom
estic buildings in London w

as taken as 331,511 based upon O
rdnance Survey 

A
ddress-Base-Plus, N

ov 2015 and 2011 Census Low
er Super O

utput A
reas; of these buildings, 206,193 are office and retail buildings.
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!
O

utput 1a:  G
eneric list of existing residential and non-residential building typologies and assessm

ent of 
requirem

ents for how
 these buildings could be retrofitted to have their heat supplied by a district heating netw

ork. 

!
O

utput 1b:  Spatial representations using G
IS identifying these building typologies across London.

!
O

utput 2:  A generic list of building typologies, influenced by the project’s partner cities from
 the CN

CA netw
ork: 

M
inneapolis, Seattle, Vancouver and W

ashington D
C allow

ing an initial high-level assessm
ent to be discussed.

!
O

utput 3:  Cost effectiveness study looking at the technical requirem
ents and financial costs associated w

ith 
retrofitting each of London’s com

m
onest building typologies for connection to a district heating netw

ork.

!
O

utputs 4a &
 4b:  A m

ap illustrating the prioritised areas in London for district heating netw
orks. Further m

apping of 
four neighbourhoods as potential pilot projects.

!
O

utput 5:  Assessm
ent of the cost optim

um
 level of energy perform

ance that a building retrofit needs to achieve to 
allow

 the supply tem
perature in district heating netw

orks to be reduced to betw
een 40°C and 70°.

!
O

utput 6 &
 7:  A replicability m

ethodology that can be used by CN
CA cities and a finalreport that explains w

hat has 
been done, com

piles the outputs, how
 to use it and sum

m
arises

the opportunities that this represents for cities.

D
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E

R
A

B
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S
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!
The London building stock w

as categorised into 32 typologies; w
ith 18 typologies

representing dom
estic buildings 

and a further 14 typologies
representing non-dom

estic buildings. 

!
In total, the selected typologies are considered to represent: 

•
3,298,000

dom
estic addresses: 95.4%

 of the stock (existing com
m

unally heated blocks rem
oved) 

•
206,000

non-dom
estic addresses: O

ffices and retail uses assessed only, representing 62.0%
of the total non-

dom
estic building stock, or 72.1%

 of the stock w
hen district heating anchor loads are rem

oved.   

!
The underlying datasets are based on a bottom

 up spatial assessm
ent using the LSO

A (Low
er Super O

utput Area) 
geographic areas. LSO

As are sized to be equivalent to population areas of approxim
ately 1,000 -

3,000 households, 
giving a high level of granularity in data across the city. 

!
For dom

estic buildings, therm
al efficiency w

as based on w
all construction data from

 the H
EED

 H
om

e Energy Efficiency 
D

atabase for G
reater London, 2012. This data could be specifically m

apped to all flats, and all houses separately.

!
For non-dom

estic buildings, therm
al efficiency w

as based on EPC data w
here directly available, or m

atched to sim
ilar 

building type. Rem
aining allocations to all buildings w

ere extrapolated based on total floor area data.

O
V

E
R

V
IE

W
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D
w

elling type
Efficiency

W
all type

G
lazing type

Loft insulation
H

eating fuel

d-1
Flat - low

 rise
Low

Solid w
all

Less than 80%
 double glazed

N
o loft

G
as

d-2
Flat - low

 rise
Low

Solid w
all

Less than 80%
 double glazed

N
o loft

Electricity

d-3
Flat - high rise

Low
Solid w

all
Less than 80%

 double glazed
N

o loft
G

as

d-4
Flat - high rise

Low
Solid w

all
Less than 80%

 double glazed
N

o loft
Electricity

d-5
H

ouse
Low

Solid w
all

Less than 80%
 double glazed

50-150m
m

 
G

as

d-6
H

ouse
Low

Solid w
all

Less than 80%
 double glazed

50-150m
m

Electricity

d-7
Flat - low

 rise
M

edium
U

n-insulated cavity w
all

M
ore than 80%

 double glazed
N

o loft
G

as

d-8
Flat - low

 rise
M

edium
U

n-insulated cavity w
all

M
ore than 80%

 double glazed
N

o loft
Electricity

d-9
Flat - high rise

M
edium

U
n-insulated cavity w

all
M

ore than 80%
 double glazed

N
o loft

G
as

d-10
Flat - high rise

M
edium

U
n-insulated cavity w

all
M

ore than 80%
 double glazed

N
o loft

Electricity

d-11
H

ouse
M

edium
U

n-insulated cavity w
all

M
ore than 80%

 double glazed
50-150m

m
 

G
as

d-12
H

ouse
M

edium
U

n-insulated cavity w
all

M
ore than 80%

 double glazed
50-150m

m
Electricity

d-13
Flat - low

 rise
H

igh
Insulated w

all
M

ore than 80%
 double glazed

N
o loft

G
as

d-14
Flat - low

 rise
H

igh
Insulated w

all
M

ore than 80%
 double glazed

N
o loft

Electricity

d-15
Flat - high rise

H
igh

Insulated w
all

M
ore than 80%

 double glazed
N

o loft
G

as

d-16
Flat - high rise

H
igh

Insulated w
all

M
ore than 80%

 double glazed
N

o loft
Electricity

d-17
H

ouse
H

igh
Insulated w

all
M

ore than 80%
 double glazed

150m
m

+
 

G
as

d-18
H

ouse
H

igh
Insulated w

all
M

ore than 80%
 double glazed

150m
m

+
Electricity
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740,490
769,560

222,710

39,020
72,050

200,000

567,150

140,870

33,740
330,280

97,520

42,550

77,640

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1 bed
2 bed

3 bed
4+

 bed
U

nknow
n

Number of dwellings

Bungalow

D
etached

Sem
i-detached

Terraced

Flat/M
aisonette

0

250,000

500,000

750,000

1,000,000

1,250,000

1,500,000

Solid w
all

U
ninsulated

cavity w
all

Insulated
cavity w

all

Number of dwellings

H
ouses

Flats

LSO
A data for London show

s that 1-2 bed flats and 3 bed m
id 

terraces are the m
ost com

m
on type of ‘flats’ and ‘houses’.

H
EED

 data by w
ard extrapolated to LSO

As to show
 how

 w
all 

construction is split betw
een all flats and all houses separately.
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0
100,000

200,000
300,000

400,000
500,000

600,000
700,000

800,000
900,000

Flat, low
 rise, low

 efficiency, gas_d1

Flat, low
 rise, low

 efficiency, electricity_d2

Flat, high rise, low
 efficiency, gas_d3

Flat, high rise, low
 efficiency, electricity_d4

H
ouse, low

 efficiency, gas_d5

H
ouse, low

 efficiency, electricity_d6

Flat, low
 rise, m

edium
 efficiency, gas_d7

Flat, low
 rise, m

edium
 efficiency, electricity_d8

Flat, high rise, m
edium

 efficiency, gas_d9

Flat, high rise, m
edium

 efficiency, electricity_d10

H
ouse, m

edium
 efficiency, gas_d11

H
ouse, m

edium
 efficiency, electricity_d12

Flat, low
 rise, high efficiency, gas_d13

Flat, low
 rise, high efficiency, electricity_d14

Flat, high rise, high efficiency, gas_d15

Flat, high rise, high efficiency, electricity_d16

H
ouse, high efficiency, gas_d17

H
ouse, high efficiency, electricity_d18

N
um

ber of dom
estic buildings in London
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0
1,000

2,000
3,000

4,000
5,000

6,000
7,000

8,000

Large A-B rated retail (elec)
Large A-B rated retail (gas)
Large E-G

 rated retail (gas)
Sm

all A-B rated retail (elec)
Sm

all A-B rated retail (gas)
Large A-B rated office (elec)
Large C-D

 rated retail (elec)
Sm

all E-G
 rated retail (gas)

Sm
all A-B rated office (elec)

Sm
all A-B rated office (gas)

Sm
all E-G

 rated retail (elec)
Sm

all C-D
 rated retail (gas)

Large E-G
 rated retail (elec)

Large C-D
 rated retail (gas)

Large A-B rated office (gas)
Large E-G

 rated office (elec)
Large C-D

 rated office (elec)
Sm

all C-D
 rated retail (elec)

Sm
all E-G

 rated office (elec)
Sm

all C-D
 rated office (elec)

Large E-G
 rated office (gas)

Sm
all E-G

 rated office (gas)
Sm

all C-D
 rated office (gas)

Large C-D
 rated office (gas)

N
um

ber of EPC records

O
ffice and retail buildings found to be m

ost significant 

typologies after rem
oval of district heating anchor loads.

14 typologies found to cover 95%
 of all office and retail EPC groups

0
50,000

100,000
150,000

H
otel

M
ixed use

Leisure

M
edical

Education

Com
m

unity &
 arts

W
arehouse &

 Storage

Industrial

Restaurant &
 club

Residential Institution

Retail

O
ffice

N
um

ber of buildings

All other buildings

Anchor loads
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#
Building type

Efficiency
H

eating fuel

nd-1
O

ffice - sm
all

Typical of building w
ith E-G

 rated EPC
G

as

nd-2
O

ffice - sm
all

Typical of building w
ith E-G

 rated EPC
Electricity

nd-3
Retail - sm

all
Typical of building w

ith E-G
 rated EPC

Electricity

nd-4
O

ffice - large
Typical of building w

ith E-G
 rated EPC

G
as

nd-5
O

ffice - large
Typical of building w

ith E-G
 rated EPC

Electricity

nd-6
Retail - large

Typical of building w
ith E-G

 rated EPC
Electricity

nd-7
O

ffice - sm
all

Typical of building w
ith C-D

 rated EPC
G

as

nd-8
Retail - sm

all
Typical of building w

ith C-D
 rated EPC

G
as

nd-9
O

ffice - sm
all

Typical of building w
ith C-D

 rated EPC
Electricity

nd-10
Retail - sm

all
Typical of building w

ith C-D
 rated EPC

Electricity

nd-11
O

ffice - large
Typical of building w

ith C-D
 rated EPC

G
as

nd-12
Retail - large

Typical of building w
ith C-D

 rated EPC
G

as

nd-13
O

ffice - large
Typical of building w

ith C-D
 rated EPC

Electricity

nd-14
O

ffice - large
Typical of building w

ith A-B rated EPC
G

as



CO
PYRIG

H
T ©

 1976-2016 BU
RO

H
A

PPO
LD

 EN
G

IN
EERIN

G
. A

LL RIG
H

TS RESERVED

N
O

N
-D

O
M

E
S

T
IC

 S
T

O
C

K
 D
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0
5,000

10,000
15,000

20,000
25,000

30,000
35,000

40,000

Sm
all office, E-G

 rated EPC, G
as _nd1

Sm
all office, E-G

 rated EPC, Electric _nd2

Sm
all retail, E-G

 rated EPC, Electric _nd3

Large office, E-G
 rated EPC, G

as _nd4

Large office, E-G
 rated EPC, Electric _nd5

Large retail, E-G
 rated EPC, Electric _nd6

Sm
all office, C-D

 rated EPC, G
as _nd7

Sm
all retail, C-D

 rated EPC, G
as _nd8

Sm
all office, C-D

 rated EPC, Electric _nd9

Sm
all retail, C-D

 rated EPC, Electric _nd10

Large office, C-D
 rated EPC, G

as _nd11

Large retail, C-D
 rated EPC, G

as _nd12

Large office, C-D
 rated EPC, Electric _nd13

Large office, A-D
 rated EPC, G

as _nd14

N
um

ber of office and retail buildings in London

EPC know
n typologies

EPC m
atched typologies

O
S m

atched

*N
ote: 2%

 of further EPC records w
ere allocated to typologies, 

based on a review
 of w

ider non-dom
estic EPC records w

ith sim
ilar 

floor areas, ages and heating fuels.

*
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W
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R
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A
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E
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B

B
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G
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Y
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O
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G
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SPA

T
IA

L M
A

P
P

IN
G
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D
O

M
E

S
T

IC
S

P
A

T
IA

L M
A

P
 

23

Low
 efficiency              M

edium
 efficiency               H

igh efficiency  

Predom
inant typology

Low
 efficiency

#

1
W

estm
inster 011E

1580

2
N

ew
ham

 013G
1244

3
H

am
m

ersm
ith &

 Fulham
 021C

1224

4
W

altham
 Forest 018B

1194

5
H

illingdon 027E
1126

M
edium

 efficiency
#

1
N

ew
ham

 013G
909

2
Sutton 001D

791

3
Sutton 022B

669

4
H

illingdon 027E
666

5
Croydon 030C

650

H
igh efficiency

#

1
Sutton 001D

946

2
Tow

er H
am

lets 033C
754

3
Tow

er H
am

lets 032D
725

4
City of London 001F

691

5
G

reenw
ich 002B

665
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Low
 efficiency              M

edium
 efficiency               H

igh efficiency  

Predom
inant typology

N
O

N
-D

O
M

E
S

T
IC

S
P

A
T

IA
L M

A
P

(O
F

F
IC

E
S

)

Low
 efficiency

#

1
W

estm
inster 013E

1734

2
W

estm
inster 018D

1203

3
W

estm
inster 018C

1068

4
W

estm
inster 013B

671

5
H

ackney 027G
645

M
edium

 efficiency
#

1
W

estm
inster 013E

1915

2
W

estm
inster 018C

918

3
W

estm
inster 018D

884

4
W

estm
inster 013D

882

5
Brent 022D

882

H
igh efficiency

#

1
H

illingdon 001E
137

2
Brom

ley 007A
131

3
W

estm
inster 011E

92

4
Brom

ley 011B
83

5
W

andsw
orth 027C

81
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Low
 efficiency              M

edium
 efficiency               H

igh efficiency  

Predom
inant typology

Low
 efficiency              M

edium
 efficiency               H

igh efficiency  

Predom
inant typology

N
O

N
-D

O
M

E
S

T
IC

S
P

A
T

IA
L M

A
P

(R
E

T
A

IL
)

Low
 efficiency

#

1
W

estm
inster 013E

694

2
Enfield 033C

277

3
W

estm
inster 018D

250

4
W

estm
inster 018C

221

5
W

estm
inster 013D

177

M
edium

 efficiency
#

1
City of London 001F

538

2
N

ew
ham

 013G
406

3
W

estm
inster 013E

375

4
Islington 014F

369

5
Brent 024B

346

* N
ote: H

igh efficiency retail w
as not 

w
ithin the top 95%

 of office and retail 
EPCS, so did not form

 a typology.
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Low
 efficiency              M

edium
 efficiency               H

igh efficiency  

Predom
inant typology

N
O

N
-D

O
M

E
S

T
IC

S
P

A
T

IA
L M

A
P

(O
F

F
IC

E
 &

 R
E

T
A

IL
)

Low
 efficiency

#

1
W

estm
inster 013E

2428

2
W

estm
inster 018D

1453

3
W

estm
inster 018C

1289

4
W

estm
inster 013B

785

5
H

ackney 027G
710

M
edium

 efficiency
#

1
W

estm
inster 013E

2290

2
Brent 024B

1223

3
W

estm
inster 018C

1181

4
W

estm
inster 013B

1169

5
W

estm
inster 013D

1163

H
igh efficiency (office only)

#

1
H

illingdon 001E
137

2
Brom

ley 007A
131

3
W

estm
inster 011E

92

4
Brom

ley 011B
83

5
W

andsw
orth 027C

81
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W
O

R
K

 P
A

C
K

A
G

E
 2

A

B
U

ILD
IN

G
 T

Y
P

O
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G
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R

ET
R

O
FIT

 R
EQ

U
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T
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N
ew

 H
IU

 provides instantaneous 
hot w

ater. Rem
oving hot w

ater 
cylinder creates space and provides 
pressure for show

er. 

Existing radiators retained. 
Consideration w

ould need to be 
given to the radiator sizes in low

er 
tem

perature netw
orks.

G
as boiler 

replaced
w

ith H
IU

. 
Packaged unit w

ith 
new

 secondary 
pum

p, control 
valves and heat 
m

eter on prim
ary 

side. Indirect 
connection to 
reduce risk of 
contam

ination      
and leakage.

Connection to district 
netw

ork. Pipe rises up 
and enters into house. 
Excavation of trench, 
back-filling and re-
instatem

ent of surfaces 
required. 

Individual connections. W
ould 

represent m
ost likely scenario due 

to practicality. U
nlikely to be m

ost 
econom

ical solution on a large 
scale due to additional cost of 
excavation.

Shared  connection  
to reduce num

ber 
of m

ain branches.
Feasibility likely to 
increase w

hen 
m

ultiple houses 
connect. Possible 
cross boundary and 
coordination issues. 

Installing pipew
ork through roof spaces 

to avoid road excavation. Challenging to 
share connections betw

een houses due to 
technical, institutional and legal 
lim

itations. e.g. legal covenants and 
w

ayleaves w
ould be needed to ensure 

neighbours cannot cut off supplies.

G
A

S
 C

E
N

T
R

A
L H

E
A

T
E

D
 H

O
U

S
E

C
O

N
N

E
C

T
IO

N
 S

T
R

A
T

E
G

IE
S
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N
ew

 H
IU

 provides instantaneous 
hot w

ater. Rem
oval of the D

H
W

 
cylinder and im

m
ersion heater if 

present is assum
ed, w

ith new
 m

ains 
fed pipew

ork installed to the H
IU

. 

N
ew

 w
et radiator system

 installed. 
H

eating controls including TRV 
(therm

ostatic radiator valves), tim
er 

and a central therm
ostat provided.

N
ew

 H
IU

 installed. 
Packaged unit w

ith 
new

 secondary 
pum

p, control 
valves and heat 
m

eter on prim
ary 

side. Indirect 
connection to 
reduce risk of 
contam

ination      
and leakage.

Connection to district 
netw

ork. Pipe rises up 
and enters into house. 
Excavation of trench, 
back-filling and re-
instatem

ent of surfaces 
required. 

Individual connections to each 
property. W

ould represent w
orst 

case scenario. 

Shared  connection  
to reduce num

ber 
of m

ain branches.
Feasibility likely to 
increase w

hen 
m

ultiple houses 
connect. Possible 
cross boundary and 
coordination issues. 

Installing pipew
ork through roof spaces 

to avoid road excavation. Challenging to 
share connections betw

een houses due to 
technical, institutional and legal 
lim

itations. e.g. legal covenants and 
w

ayleaves w
ould be needed to ensure 

neighbours cannot cut off supplies.

E
LE

C
T

R
IC

A
LLY

 H
E

A
T

E
D

 H
O

U
S

E
C

O
N

N
E

C
T

IO
N

 S
T

R
A

T
E

G
IE

S
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N
ew

 H
IU

 in each flat provides 
instantaneous hot w

ater. Rem
oval of 

the D
H

W
 cylinder and im

m
ersion heater 

if present is assum
ed, w

ith new
 m

ains 
fed pipew

ork installed to the H
IU

. 
N

ew
 w

et radiator system
 installed 

in
ELECTRIC

flats. H
eating controls 

including TRV (therm
ostatic radiator 

valves), tim
er and a central 

therm
ostat provided.

Connection to district 
netw

ork. Pipe rises up and 
enters into flat Excavation of 
trench, back-filling and re-
instatem

ent of surfaces 
required. 

Existing radiators retained in 
G

A
S

heated flats. Consideration 
w

ould need to be given to the 
radiator sizes in low

er 
tem

perature netw
orks.

Pre-insulated pipew
ork 

m
ounted externally to 

façade.

Penetrations per level. 
Enter into building floor 
plates. Tw

o adjacent flats 
served together to reduce 
pipew

ork.

LO
W

 R
IS

E
 C

O
N

V
E

R
T

E
D

 FL
A

T
S

C
O

N
N

E
C

T
IO

N
 S

T
R

A
T

E
G

IE
S
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Connection to district 
netw

ork. Pipe rises up and 
enters into flat Excavation of 
trench, back-filling and re-
instatem

ent of surfaces 
required. 

N
ew

 w
et radiator system

 installed 
in

ELECTRIC
flats. H

eating controls 
including TRV (therm

ostatic radiator 
valves), tim

er and a central 
therm

ostat provided.

Existing radiators retained in 
G

A
S

heated flats. Consideration 
w

ould need to be given to the 
radiator sizes in low

er 
tem

perature netw
orks.

N
ew

 H
IU

 in each flat provides 
instantaneous hot w

ater. Rem
oval of 

the D
H

W
 cylinder and im

m
ersion heater 

if present is assum
ed, w

ith new
 m

ains 
fed pipew

ork installed to the H
IU

. 

Internal riser.
Core drilling required.

Pipew
ork routed internally. 

Insulated pipew
ork runs 

internally and along corridors.

LO
W

 R
IS

E
 P

U
R

P
O

S
E

 B
U

ILT
 FL

A
T

S
C

O
N

N
E

C
T

IO
N

 S
T

R
A

T
E

G
IE

S



CO
PYRIG

H
T ©

 1976-2016 BU
RO

H
A

PPO
LD

 EN
G

IN
EERIN

G
. A

LL RIG
H

TS RESERVED

1. H
eat interface units in 

each flat supplying 
heating and hot w

ater.

2. D
istrict connection from

 
ground level sub-station. 
Pipew

ork run internally. 
Centralised hot w

ater.

Pre-insulated 
pipew

ork 
m

ounted 
externally to 
façade.

Buried pipes rise 
up to enter flat.

Penetrations 
per level. 
Enter into 
building floor 
plates. 

Containerised 
substation. 
Centralised hot 
w

ater storage, 
pum

ps, plate 
heat exchanger 
etc. 4-pipe 
system

.
Packaged plate 
heat exchanger in 
ground floor plant 
space.

3. D
istrict connection from

 
containerised sub-station. 
Pipew

ork run externally.
Centralised hot w

ater.
O

ption likely to be 
m

ost feasible for 
G

A
S

heated 
properties w

here 
existing heating 
system

 can be 
retained. 

O
ptions likely to 

be m
ost feasible 

for ELECTRIC
properties w

here 
all services are to 
be replaced.

Pipew
ork run through 

internal riser in building.
M

ay require core drilling 
through slab. 4-pipe 
system

.

Pipew
ork run 

through internal 
riser in building.
M

ay require core 
drilling through 
slab.

N
ew

 w
et radiator system

 
installed. Each flat has 
interface unit housing 
isolation valves and 
m

eters for both LTH
W

   
and D

H
W

.

Every 60-80m
 w

ould require hydraulic separation
H

IG
H

 R
IS

E
 FL

A
T

S
C

O
N

N
E

C
T

IO
N

 S
T

R
A

T
E

G
IE

S
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N
O

N
-D

O
M

E
S

T
IC

 B
U

ILD
IN

G
S

W
IT

H
 C

E
N

T
R

A
L

 G
A

S
 B

O
IL

E
R

Centralised perim
eter heating.

M
ixed H

V
A

C (boiler supplies A
H

U
).

G
as boilers 

replaced w
ith H

IU
.

W
here m

ultiple 
boilers are present, 
som

e could be 
retained to provide 
additional top up 
heat or back up.

Existing internal 
system

s retained.

Buried district 
heating pipew

ork 
to boiler room

.
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N
O

N
-D

O
M

E
S

T
IC

 B
U

ILD
IN

G
S

W
IT

H
 E

L
E

C
T

R
IC

 H
E

A
T

IN
G

 S
Y

S
T

E
M

S

Centralised perim
eter heating.

M
ixed H

V
A

C.

Replace electric
Storage heaters 
w

ith new
 w

et 
radiator system

.

Buried district 
heating pipew

ork 
to boiler room

.

Install new
 H

IU
 / 

plate exchanger 
w

ith pum
ping and 

controls.

Properties w
ith electric heat 

pum
ps. D

istrict heating w
ill m

ost 
likely require a riser to bring the 
connection to heat pum

ps (typically 
at roof level). Existing secondary 
circulation w

ould be retained. This 
includes m

ost piping, fan coil units 
and radiators.

Properties w
ith 

variable refrigerant 
flow

 (V
RF). 

Installation of a parallel 
w

et heat distribution 
system

 or connection of 
a w

ater-to-refrigerant 
heat exchanger. 

(Alternative approach)
An alternative option for 
connecting VRF system

s 
to district heating is via 
an energy loop , w

here 
there are sim

ultaneous 
heating and cooling 
dem

ands from
 a 

num
ber of zones w

ithin 
buildings.

Buried district 
heating pipew

ork 
to property.
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W
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R
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 P
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C
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A
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C

O
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D
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!
For each typology, the cost to connect to district heating w

as 
calculated, using reference values and BuroH

appold experience.

!
In order to support the capital costing exercise, indicative district 
heating pipew

ork layouts w
ere produced for each typology together 

w
ith pipe sizing calculations (see exam

ple to the right).

!
The scope of the costing exercise only includes costs from

 the property 
boundary, and excludes the w

ider D
H

 netw
ork infrastructure. 

!
Traffic m

anagem
ent costs have been excluded from

 the costing 
exercise. Furtherm

ore, efficiency savings from
 shared district heating 

connections are  not included, so as to provide conservative cost 
estim

ates. Value Added Tax (VAT) is excluded.

!
Costs for builders’ w

orks, contractor prelim
inaries and overheads and 

labour are included. This includes the rem
oval of existing system

s and 
m

aking good of surfaces etc.

O
V

E
R

V
IE

W

36

10m
 external pipew

ork
(65m

m
 ø, pre-insulated D

H
 pipew

ork)

28.8m
 internal riser (9x3.2m

)
(65m

m
 ø, 40m

m
 insulation) -

Floors G
-5

(50m
m

 ø, 40m
m

 insulation) -
Floors 6-8

(40m
m

 ø, 40m
m

 insulation) -
Floor 9

5m
 internal pipew

ork
(32m

m
 ø, 40m

m
 insulation)

8m
 branching to flats on floor

(40m
m

 ø, 40m
m

 insulation)

D
istrict heating pipew

ork and insulation sizing 
H

igh rise flat –
heating provided by H

IU
)
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C
A

P
ITA

L C
O

S
T

IN
G

G
A

S
 C

O
N

V
E

R
S

IO
N

 £-

 £25

 £50

 £75

 £100

 £125

 £150

 £175

 £200

M
ed eff

Low
 eff

H
igh eff

M
ed eff

Low
 eff

M
ed eff

M
ed eff

Low
 eff

M
ed eff

H
igh eff

Low
 eff

M
ed eff

H
igh eff

Low
 eff

M
ed eff

H
igh eff

Sm
all office

Large office
Sm

all
retail

Large
retail

H
ouse

Low
 rise flat

H
igh rise flat

Retain existing w
et distribution system

District heating retrofit cost (£/m2)

Labour, prelim
s &

 overheads
Pum

ps
H

IU
H

eat em
itters

D
H

 pipew
ork &

 insulation

nd-7      nd-1      nd-14     nd-11     nd-4      nd-8      nd-12       d-1        d-7        d-13        d-3        d-9       d-15         d-5       d-11      d-17
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C
A

P
ITA

L C
O

S
T

IN
G

E
L

E
C

T
R

IC
 C

O
N

V
E

R
S

IO
N

 £-

 £25

 £50

 £75

 £100

 £125

 £150

 £175

 £200

Low
 eff

Low
 eff

Low
 eff

M
ed eff

M
ed eff

M
ed eff

Low
 eff

Low
 eff

M
ed eff

H
igh eff

Low
 eff

M
ed eff

H
igh eff

Low
 eff

M
ed eff

H
igh eff

Sm
all

office
Large
office

Sm
all

retail
Sm

all
office

Large
office

Sm
all

retail
Large
retail

H
ouse

Low
 rise flat

H
igh rise flat

H
eat pum

p
VRF

Panel heaters

District heating retrofit cost (£/m2)

Labour, prelim
s &

 overheads
Pum

ps
H

IU
H

eat em
itters

D
H

 pipew
ork &

 insulation

nd-2      nd-5   
nd-3       nd-9   

nd-13    nd-10     nd-6        d-2   
d-8   

d-14   
d-4       d-10      d-16         d-6       d-12    

d-18
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!
Cost effectiveness of D

H
 has been determ

ined based upon a discounted 

payback calculation versus a counterfactual case, e.g. the annualised 

capital and running costs of a gas boiler / electric heating system
. 

!
The calculation com

pared costs of retrofitting the various typologies 

against each other to determ
ine a relative cost effectiveness of retrofit 

across the 32 typologies.

!
Baseline energy use (show

n to the right) w
as calculated using 

Strathclyde U
niversity ESP-r dynam

ic m
odelling softw

are.

!
The assessm

ent of cost effectiveness is determ
ined based upon w

hether 

a 30 year payback can be achieved across the range of indicative heat 

retail prices. H
igh cost effectiveness is taken as less than 15 years.

!
O

utputs illustrate relative attractiveness of each typology and not a 

detailed netw
ork operator investm

ent calculation. N
o m

arket 

interventions, subsidies or additional policy interventions are assum
ed 

in the calculation. 

O
V

E
R

V
IE

W

40

0
50

100
150

200
250

H
igh rise flat - H

igh eff - d17
H

igh rise flat - M
ed eff - d11

H
igh rise flat - Low

 eff - d5
Low

 rise flat - H
igh eff - d15

Low
 rise flat - M

ed eff - d9
Low

 rise flat - Low
 eff - d3

H
ouse - H

igh eff - d13
H

ouse - M
ed eff - d7

H
ouse - Low

 eff - d1
Large retail - M

ed eff - nd12
Sm

all retail - M
ed eff - nd8

Large O
ffice - Low

 eff - nd4
Large O

ffice - M
ed eff - nd11

Large O
ffice - H

igh eff - nd14
Sm

all office - Low
 eff - nd1

Sm
all office - M

ed eff - nd7
H

igh rise flat - H
igh eff - d18

H
igh rise flat - M

ed eff - d12
H

igh rise flat - Low
 eff - d6

Low
 rise flat - H

igh eff - d16
Low

 rise flat - M
ed eff - d10

Low
 rise flat - Low

 eff - d4
H

ouse - H
igh eff - d14

H
ouse - M

ed eff - d8
H

ouse - Low
 eff - d2

Large retail - Low
 eff - nd6

Sm
all retail - M

ed eff - nd10
Large O

ffice - M
ed eff - nd13

Sm
all office - M

ed eff - nd9
Sm

all retail - Low
 eff - nd3

Large O
ffice - Low

 eff - nd5
Sm

all office - Low
 eff - nd2

Gas boilers Panel heaters VRF
Heat
pump

Annual fuel usage of counterfactual cases 
(kW

h/m
2/year)

Space heating

H
ot w

ater
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25
30

35
40

45
50

55
60

65
70

75
80

85
90

95
100

105
110

115

nd-2
Sm

all office - Low eff. - H
eat pum

p
49

52
55

59
65

71
80

94
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£559

nd-5
Large O

ffice - Lo
w eff. - H

eat pum
p

4
4

4
4

4
4

4
4

5
5

5
5

6
6

6
6

7
7

7
£521

nd-3
Sm

all retail - Lo
w eff. - H

eat pum
p

34
36

39
43

48
54

63
76

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£361

nd-9
Sm

all office - M
ed eff. - VR

F
67

71
76

81
89

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£992

nd-13
Large O

ffice - M
ed eff. - V

R
F

12
12

12
12

13
13

13
14

14
14

15
15

16
17

17
18

18
18

19
£794

nd-10
Sm

all retail - M
ed eff. - V

R
F

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£477

nd-6
Large retail - Lo

w eff. - VR
F

17
17

18
19

20
21

23
24

26
28

30
33

41
47

55
69

n/a
n/a

n/a
£472

d-2
H

o
use - Lo

w eff. - P
anel heaters

10
10

11
11

12
12

13
14

15
16

17
18

22
24

26
30

34
34

41
£180

d-8
H

o
use - M

ed eff. - P
anel heaters

14
14

15
16

16
17

18
19

21
22

24
26

31
34

39
45

54
54

70
£188

d-14
H

o
use - H

igh eff. - P
anel heaters

25
27

28
30

31
33

36
39

42
46

51
57

83
n/a

n/a
n/a

n/a
n/a

n/a
£211

d-4
Low rise flat - Low eff. - P

anel heaters
7

8
9

9
10

10
11

13
14

15
17

19
19

21
22

24
26

30
34

£177

d-10
Low rise flat - M

ed eff. - P
anel heaters

13
14

15
15

16
17

18
19

20
21

23
24

28
31

35
39

45
45

54
£198

d-16
Low rise flat - H

igh eff. - P
anel heaters

27
28

30
31

33
35

37
39

42
46

50
55

71
88

n/a
n/a

n/a
n/a

n/a
£243

d-6
H

igh rise flat - Low eff. - P
anel heaters

10
10

11
11

12
13

13
14

15
16

17
18

21
23

25
27

31
31

35
£191

d-12
H

igh rise flat - M
ed eff. - P

anel heaters
14

15
15

16
17

18
18

20
21

22
23

25
29

32
36

40
46

46
55

£204

d-18
H

igh rise flat - H
igh eff. - P

anel heaters
22

23
24

26
27

28
30

31
33

36
38

42
50

57
66

80
n/a

n/a
n/a

£234

nd-7
Sm

all office - M
ed eff. - G

as bo
ilers

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£25

nd-1
Sm

all office - Low eff. - G
as boilers

64
81

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£100

nd-14
Large O

ffice - H
igh eff. - G

as boilers
45

87
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£55

nd-11
Large O

ffice - M
ed eff. - G

as boilers
35

50
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£52

nd-4
Large O

ffice - Lo
w eff. - G

as boilers
19

29
73

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£40

nd-8
Sm

all retail - M
ed eff. - G

as boilers
49

60
84

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£80
nd-12

Large retail - M
ed eff. - G

as boilers
22

38
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£37

d-1
H

o
use - Lo

w eff. - G
as bo

ilers
18

20
23

28
35

47
83

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£66

d-7
H

o
use - M

ed eff. - G
as boilers

22
24

28
33

41
54

91
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£74

d-13
H

o
use - H

igh eff. - G
as boilers

35
40

46
56

72
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£106

d-3
Low rise flat - Low eff. - G

as boilers
16

17
19

21
22

24
32

54
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£63
d-9

Low rise flat - M
ed eff. - G

as bo
ilers

17
18

20
23

26
30

36
46

65
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£85

d-15
Low rise flat - H

igh eff. - G
as bo

ilers
25

26
28

31
34

37
42

48
57

72
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£140

d-5
H

igh rise flat - Low eff. - G
as bo

ilers
13

14
16

18
21

24
29

38
54

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£77

d-11
H

igh rise flat - M
ed eff. - G

as bo
ilers

15
17

18
20

23
26

30
36

45
63

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£91

d-17
H

igh rise flat - H
igh eff. - G

as bo
ilers

20
22

24
26

28
31

35
39

46
56

75
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£130

P
ayback perio

d (years) at different district heating unit prices
A

rchetype

D
H

 heat price (£/M
W

h)
C

ounterfactual 
cost (£/M

W
h)

Electric heating conversionGas heating conversion

41

Large electric heated offices and low
 

efficiency flats show
 highest cost 

effectiveness.

G
as heated properties only 

found to be cost effective at 
retail heat prices less than 
m

arket rate (circa 6-7p/kW
h 

including fixed costs). H
igh 

rise flats seen to be m
ost 

cost effective.

C
O

S
T

 E
FFE

C
T

IV
E

N
E

S
S

Payback period of district heating retrofit vs. a counterfactual scenario of a gas boiler or electric 
heating system

. Results assessed against range of indicative D
H

N
 retail price scenarios.

Total counterfactual cost 
divided by total energy use. 
Costs based on:
-

Annual running cost
-

Annual O
&

M
 cost

-
Annualised capital cost 

assessed w
ith 15 year 

replacem
ent cycle.
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S
U

B
S

ID
IE

S

42

Counterfactual cost payback calculations, re-run w
ith reduced capital costs

P
ayback 

(years)
C

apital 
funding

P
ayback 

(years)
C

apital 
funding

P
ayback 

(years)
C

apital 
funding

P
ayback 

(years)
C

apital 
funding

nd-2
Sm

all office - Low
 eff. - H

eat pum
p

94
£0

42
£2,800

25
£5,600

14
£8,400

nd-5
Large O

ffice - Lo
w eff. - H

eat pum
p

4
£0

3
£4,200

2
£8,300

1
£12,500

nd-3
Sm

all retail - Lo
w eff. - H

eat pum
p

76
£0

39
£2,800

23
£5,600

13
£8,400

nd-9
Sm

all office - M
ed eff. - VR

F
no

£0
45

£3,600
26

£7,100
14

£10,700

nd-13
Large O

ffice - M
ed eff. - VR

F
14

£0
10

£10,400
7

£20,900
4

£31,300

nd-10
Sm

all retail - M
ed eff. - VR

F
no

£0
no

£4,700
43

£9,300
21

£14,000

nd-6
Large retail - Lo

w eff. - V
R

F
24

£0
17

£14,000
12

£28,000
7

£42,000

d-2
H

ouse - Lo
w eff. - P

anel heaters
14

£0
11

£2,200
7

£4,500
5

£6,700

d-8
H

ouse - M
ed eff. - P

anel heaters
19

£0
14

£2,200
10

£4,500
6

£6,700

d-14
H

ouse - H
igh eff. - P

anel heaters
39

£0
26

£2,200
17

£4,500
10

£6,700

d-4
Low

 rise flat - Low
 eff. - P

anel heaters
9

£0
6

£1,800
5

£3,600
3

£5,400

d-10
Low

 rise flat - M
ed eff. - P

anel heaters
19

£0
14

£1,800
10

£3,500
6

£5,300

d-16
Low

 rise flat - H
igh eff. - P

anel heaters
39

£0
26

£1,800
17

£3,500
10

£5,300

d-6
H

igh rise flat - Low
 eff. - P

anel heaters
14

£0
10

£1,700
7

£3,300
4

£5,000

d-12
H

igh rise flat - M
ed eff. - P

anel heaters
20

£0
14

£1,700
10

£3,300
6

£5,000

d-18
H

igh rise flat - H
igh eff. - P

anel heaters
31

£0
22

£1,700
14

£3,300
9

£5,000

nd-7
Sm

all office - M
ed eff. - G

as bo
ilers

no
£0

no
£1,800

51
£3,500

23
£5,300

nd-1
Sm

all office - Low
 eff. - G

as boilers
no

£0
no

£1,800
53

£3,500
23

£5,300

nd-14
Large O

ffice - H
igh eff. - G

as boilers
no

£0
no

£2,100
503

£4,200
no

£6,300

nd-11
Large O

ffice - M
ed eff. - G

as boilers
no

£0
no

£2,100
503

£4,200
no

£6,300

nd-4
Large O

ffice - Lo
w eff. - G

as boilers
no

£0
no

£2,100
503

£4,200
no

£6,300

nd-8
Sm

all retail - M
ed eff. - G

as boilers
no

£0
no

£1,800
82

£3,500
28

£5,300

nd-12
Large retail - M

ed eff. - G
as boilers

no
£0

no
£2,100

503
£4,200

no
£6,300

d-1
H

ouse - Lo
w eff. - G

as boilers
no

£0
69

£1,400
34

£2,700
17

£4,100

d-7
H

ouse - M
ed eff. - G

as boilers
no

£0
60

£1,400
32

£2,700
16

£4,100

d-13
H

ouse - H
igh eff. - G

as boilers
no

£0
80

£1,400
36

£2,700
18

£4,100

d-3
Low

 rise flat - Low
 eff. - G

as boilers
54

£0
33

£1,000
20

£2,000
11

£3,100

d-9
Low

 rise flat - M
ed eff. - G

as bo
ilers

46
£0

29
£1,000

19
£2,000

10
£3,100

d-15
Low

 rise flat - H
igh eff. - G

as bo
ilers

48
£0

30
£1,000

19
£2,000

11
£3,100

d-5
H

igh rise flat - Low
 eff. - G

as bo
ilers

38
£0

25
£900

17
£1,800

9
£2,800

d-11
H

igh rise flat - M
ed eff. - G

as bo
ilers

36
£0

24
£900

16
£1,800

9
£2,800

d-17
H

igh rise flat - H
igh eff. - G

as bo
ilers

39
£0

26
£900

17
£1,800

10
£2,800

60%
 C

apital funding

D
H

 heat retail price fixed at £60/M
W

h

Electric heating conversionGas heating conversion

20%
 C

apital funding
0%

 C
apital funding

40%
 C

apital funding
Table illustrates how

 cost 
effectiveness, assessed against 
a fixed district heating heat 
retail price, in this case 
£60/M

W
h, can be im

proved 
w

ith increasing levels of capital 
grant funding obtained

W
ith capital funding set at a 

level of 20%
 to 40%

 all low
 and 

m
edium

 efficiency electrically 
heated dom

estic properties 
can achieve high cost 
effectiveness at £60/M

W
h. 

W
ith capital funding reaching 

60%
 low

 and high rise gas 
heated flats can achieve high 
cost effectiveness. At this level 
of funding, low

 and m
edium

 
efficiency houses can also 
achieve m

edium
 levels of cost 

effectiveness too.
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D
om

estic
#/ha

1
Tow

er H
am

lets 032D
136

2
W

estm
inster 021B

116

3
H

am
m

ersm
ith &

 Fulham
 023E

109

4
Southw

ark 003K
102

5
Tow

er H
am

lets 028H
99

N
on-dom

estic
#/ha

1
Brent 015A

18

2
H

ackney 027G
12

3
W

estm
inster 016B

11

4
W

estm
inster 013E

11

5
Brent 022D

11

Com
bined

#/ha

1
Tow

er H
am

lets 032D
137

2
W

estm
inster 021B

117

3
H

am
m

ersm
ith &

 Fulham
 023E

109

4
Southw

ark 003K
102

5
Tow

er H
am

lets 028H
99
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H
IG

H
 &

 M
E

D
IU

M
C

O
S

T
 E

FFE
C

T
IV

E
B

U
ILD

IN
G

S

44

D
om

estic
#/ha

1
Tow

er H
am

lets 032D
415

2
W

estm
inster 024E

357

3
Tow

er H
am

lets 028H
342

4
H

ounslow
 010B

342

5
H

ounslow
 014B

316

N
on-dom

estic
#/ha

1
W

estm
inster 013E

40

2
Brent 022D

35

3
Brent 024D

34

4
W

estm
inster 018D

27

5
W

estm
inster 013B

26

Com
bined

#/ha

1
Tow

er H
am

lets 032D
417

2
W

estm
inster 024E

359

3
Tow

er H
am

lets 028H
343

4
H

ounslow
 010B

342

5
H

ounslow
 014B

317
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!
Each pilot area contains tw

o M
SO

As (M
iddle Super O

utput Area) 
w

ith 2,000-6,000 households. Cost effectiveness is illustrated at 
Census output area, equivalent to circa 40-250 households.

!
Census output area data w

as used for num
ber of buildings, 

property type, heating system
 and building height. Inform

ation 
such as w

all construction w
as not readily available for the analysis. 

Furtherm
ore, EPC coverage w

as not significant enough to m
ap to 

all areas. As such, data w
as extrapolated for these param

eters 
based on previous inform

ation gathered for the LSO
A studies. 

!
The proof of concept m

odel for pre-feasibility show
ed good 

potential for identifying architectures of high cost effectiveness. It 
is recom

m
ended that m

ore data on the therm
al efficiency of 

properties should be gathered at Census output area to develop 
the pilot study m

apping m
ethod further into a tool for supporting 

pre-feasibility studies and energy m
asterplanning

and capable of 
inputting into feasibility studies. 

O
V

E
R

V
IE

W

46

D
om

estic buildings
Input

D
ataset 

D
etails U

sed 
O

rdnance Survey Address-Base-
Plus, N

ov 2015 and 2011 
Census  O

utput Areas. 

Building location and use. U
sed to estim

ate the num
ber of 

offices and retail buildings w
ithin each Census output area

Energy Perform
ance Certificate 

(EPC) register
Building  type, floor area, EPC rating  and heating fuel for 
1,070 buildings across the pilot areas

LSO
A level 

characteristics

Therm
al typologies as per non-

dom
estic LSO

A analysis from
 

W
P1

Building type and therm
al typologies for all office and retail 

as percentages

Addressing
London D

atastore Statistical 
G

IS Boundary Files 
O

As G
IS shapefiles 

N
on-dom

estic buildings
Input

D
ataset

M
ethodology

O
ffice for N

ational Statistics 
(O

N
S) neighbourhood 

statistics, H
ousing,2011

D
ata for building count by property type w

as used. The 
Census output area results w

ere aggregated per LSO
A and 

factored to m
atch the 2014 LSO

A results of W
ork Package 1 

and 2.

O
ffice for N

ational Statistics 
(O

N
S) neighbourhood 

statistics, Central H
eating,2011

D
ata for building count by heating system

 and heating fuel 
w

as used. The proportion of electric and gas central heated 
system

s per Census output area w
as applied to the num

ber 
of flats and houses.

O
ffice for N

ational Statistics 
(O

N
S) neighbourhood 

statistics, Low
est Floor 

Level,2001

Building count by low
 rise and high rise. All properties up 

to 4
th floor w

ere taken as low
 rise. All properties w

ith fifth 
floor or higher w

ere taken as high rise.

Addressing

London D
atastore, 2011 

Boundaries, O
ffice for 

N
ational Statistics and London-

w
ards-2014

Census output area G
IS shapefiles.

A
dditional G

IS layers
Input

D
ataset 

D
etails U

sed 
H

eat 
netw

orks
London Energy Plan 

Existing and proposed heat netw
ork locations

Conservation 
areas

Islington conversation areas
Islington Council G

IS Shapefile

Conservation 
areas

Cam
den conversation areas

Cam
den Council G

IS Shapefile

Conservation 
areas

Sutton conversation areas
Sutton : Site developm

ent policies D
PD

 – Appendix 1. 
https://w

w
w

.sutton.gov.uk/dow
nloads/dow

nload/510/site_
developm

ent_policies_dpd
Conservation 
areas

Enfield : Enfield Site Conservation Areas

Conservation 
areas

https://new
.enfield.gov.uk/services/planning/heritage-

conservation-and-countryside/conservation-areas/ 

Enfield conversation areas

O
As level 

characteristics

LSO
As level 

characteristics

O
ffice for N

ational Statistics 
(O

N
S) neighbourhood 

statistics, 2014

Building count by build period w
as used to estim

ate 
num

ber of low
, m

edium
 and high efficiency buildings.

Address  level 
characteristics 

D
om

estic buildings

N
on-dom

estic buildings

A
dditional G

IS layers
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Tw
o adjacent M

SO
As for:

!
Lea Valley Enfield (030/033)
Including an 18 M

W
 energy from

 w
aste 

CH
P plant.

!
G

ospel O
ak Cam

den (002/008) 

Including the G
ospel O

ak heat netw
ork 

w
hich utilises surplus heat generated by 

the Royal Free H
ospital.

!
O

ld Street Islington (022/023): 
Including the BunhillEnergy Centre and 

the E.O
n

Citigen
CH

P site.

!
Beddington

Sutton (010/011):

Including a w
aste to energy plant  

being built w
ith ~

20 M
W

 heat energy 

potential.

P
ILO

T
 S

T
U

D
Y

 S
IT

E
S

S
E

LE
C

T
E

D
 B

Y
 G

L
A
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LE
A

 V
A

LLE
Y

E
N

F
IE

L
D

 (0
3

0
/0

3
3

)

48

Exam
ple high rise flats in area 

Exam
ple high rise flats in area

Enfield had the highest densities of high cost 
effective buildings. In the studied area, the data 
indicated high num

bers of high cost effective 
buildings close to the Silver Street train station, 
near to the proposed U

pper Lee Valley netw
ork. 
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E
T
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L
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T
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N
 (0

2
2
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2

3
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Exam
ple high rise flats in area 

Exam
ple high rise flats in area 

M
apping show

ed areas close to Citigen
CH

P plant, 
potentially contained high num

bers of high cost 
effective properties, together w

ith the site to the 
north-w

est of M
oorfield

hospital, close to the Bunhill
heat netw

ork. 



CO
PYRIG

H
T ©

 1976-2016 BU
RO

H
A

PPO
LD

 EN
G

IN
EERIN

G
. A

LL RIG
H

TS RESERVED

B
E

D
D

IN
G

T
O

N
S

U
T

T
O

N
 (0

1
0

/0
1

1
)
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Exam
ple higher density flats and low

er 
density housing in area

Exam
ple offices and low

 rise flats in area

For Sutton, the dom
inant 

typologies w
ere found to be 

gas heated houses and low
 

rise flats w
hich have m

edium
 

cost effectiveness.
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G
O

S
P

E
L O

A
K

C
A

M
D

E
N

 (0
0

2
/0

0
8

)
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Exam
ple low

-high rise flats &
 offices in area 

Exam
ple high rise flats in area

Sim
ilarly for Cam

den, the 
dom

inant typologies w
ere 

found to be gas heated 
houses and low

 rise flats 
w

hich have m
edium

 cost 
effectiveness.

Cam
den had the highest 

num
bers of conservation 

areas. These buildings are 
not suited to external w

all 
insulation, thus district 
heating retrofits m

ay be 
m

ore applicable.
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W
O

R
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 P
A

C
K

A
G

E
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A

4
G

 D
IST

R
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T
 H
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O
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T
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U
M

 LEV
EL O
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Y
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!
The final study is a review

 of the cost optim
um

 level of energy efficiency retrofit 

to support the im
plem

entation of 4
thgeneration district heat netw

orks w
ith 

supply tem
peratures from

 70 °C to 40 °C

!
U

sing the Strathclyde U
niversity ESP-r dynam

ic energy m
odelling softw

are, load 

m
odelling w

as undertaken at different flow
 tem

perature scenarios e.g. 70, 60, 

50, 40 °C. Load profiles w
ere then prepared for each typology and tem

perature 

reduction strategy to determ
ine the %

 of annual unm
et energy dem

and. 

!
Tw

o different strategies to address the unm
et heat dem

and w
ere tested. Firstly, 

the use of larger heat em
itters w

as investigated using radiator conversion 

factors. Secondly, the im
pact of fabric efficiency m

easure w
as investigated 

through re-running the ESP-r m
odels. 

!
Capital costing w

as then undertaken and cost effectiveness w
as re-assessed 

taking into account the im
pact of increased capital costs and dom

estic hot 

w
ater provisions. This w

as applied to the 40 °C flow
 tem

perature scenario (w
hich 

w
as found to require energy efficiency m

easures).

O
V

E
R

V
IE

W
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59.7%

89.3%

98.2%

99.8%
100%

Low
 efficiency house

LO
A

D
 M

O
D

E
LLIN

G

Percentage of annual heat dem
and m

et at reduced 
district heating supply tem

peratures
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R
E

S
U

LT
S

 FO
R

 A
LL T

Y
P

O
LO

G
IE

S

55

Baseline
70 flow

60 flow
50 flow

40 flow

d-1, d-2
H

ouse - Low
 efficiency

100%
99.80%

98.20%
89.30%

59.70%

d-7, d-8
H

ouse - M
ed efficiency

100%
99.90%

99.00%
92.00%

66.60%

d-13, d-14
H

ouse - H
igh efficiency

100%
99.80%

99.60%
96.70%

81.40%

d-3, d-4
Low

 rise flat - Low
 efficiency

100%
99.80%

98.70%
90.40%

59.60%

d-9, d-10
Low

 rise flat - M
ed efficiency

100%
99.80%

99.80%
92.30%

70.10%

d-15, d-16
Low

 rise flat - H
igh efficiency

100%
99.90%

99.80%
98.80%

92.60%

d-5, d-6
H

igh rise flat - Low
 efficiency

100%
99.80%

98.30%
89.40%

64.20%

d-11, d-12
H

igh rise flat - M
ed efficiency

100%
99.80%

99.20%
93.70%

74.00%

d-17, d-18
H

igh rise flat - H
igh efficiency

100%
99.90%

99.70%
98.20%

89.70%

nd-2, nd-5
M

odern office, Fully glazed
100%

98.80%
97.20%

89.90%
61.00%

nd-9, nd-13
M

odern office, Partially glazed
100%

98.80%
97.10%

89.70%
62.60%

nd-1, nd-4
Pre 1960 office, Solid w

all
100%

99.20%
97.80%

89.80%
60.00%

nd-11, nd-14
Pre 1960 office, Insulated cavity

100%
99.00%

97.30%
89.90%

62.80%

nd-3, nd-8, nd-10
Retail, sm

all, H
igh street

100%
98.80%

96.90%
86.70%

50.70%

nd-12
Retail, large, Catering

100%
99.60%

97.40%
88.70%

59.10%

nd-6
Retail, large, N

o catering
100%

98.80%
96.30%

86.40%
53.40%

Percentage of annual heat dem
and m

et

DomesticNon-domestic

Typology
Load m

odel
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FE
A

S
IB

ILIT
Y

 O
F L

A
R

G
E

R
 H

E
A

T
 E

M
IT

T
E

R
S

56

Flow
 tem

perature
°C

82
70

60
50

40

Return tem
perature

°C
71

50
40

30
20

Average radiator tem
perature

°C
76.5

60
50

40
30

D
esign room

 tem
perature

°C
22.5

22.5
22.5

22.5
22.5

D
elta T for radiator sizing

°C
54

37.5
27.5

17.5
7.5

Radiator conversion factor
-

1.096
0.686

0.464
0.262

0.08

Room
 load (inc. 10%

 allo
wance)

W
1,166

1,166
1,166

1,166
1,166

Radiator heat output needed
W

1,064
1,700

2,514
4,454

14,616

Radiator conversion factor calculation

Increase in radiator size required to m
eet 100%

 of load (Room
 exam

ple)

Low
 efficiency house

Fabric upgrade needed to 
accom

m
odate heating supply 

tem
peratures of 40 °C. 

At 50 °C one additional 
radiator needed, w

hich is 
likely to be acceptable in 
m

any cases.

*N
ote: Equivalent output once radiator 

conversion factor is applied. (e.g. at the 
60 degree heating flow

 tem
perature, a 

larger surface area of radiators are 
needed equivalent to 1,700 W

).

*
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IM
P

A
C

T
 O

F E
N

E
R

G
Y

E
FFIC

IE
N

C
Y

 R
E

T
R

O
FIT

57

Baseline
40 flow

Baseline (no retrofit m
easures)

100%
59.70%

H
alf air infiltration

100%
68.70%

U
-values to Part L1B

100%
86.40%

U
-values to Part L1B +

 half infiltration
100%

95.90%

Passivhaus U
-values

100%
94.60%

Passivhaus U
-values +

 half infiltration
100%

99.80%

Low
 efficiency house retrofit

Percentage of annual heat dem
and

59.7%

95.9%

100%
100%
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£0

£2,000

£4,000

£6,000

£8,000

£10,000

£12,000

£14,000

Low
 eff

M
ed eff

H
igh eff

Low
 eff

M
ed eff

H
igh eff

Low
 eff

M
ed eff

H
igh eff

H
ouse

Low
 rise flat

H
igh rise flat

Energy efficiency retrofit cost (£)

O
verheads, labour,

builders w
orks &

prelim
inaries

Retrofit m
easures

C
A

P
ITA

L C
O

S
T

IN
G

 (A
L

L
O

W
IN

G
 C

O
S

T
 E

F
F

E
C

T
IV

E
N

E
S

S
 T

O
 B

E
 R

E
C

A
L

C
U

L
A

T
E

D
)

Exam
ple costs for fabric upgrade to Building Regulations Part L1B U

-values +
 half air infiltration. 

Additional costs added for larger heat em
itters (now

 m
ore practical size) and supplem

entary D
H

W
 system

s to 
provide top-up above 40°C, e.g. D

H
W

 cylinder w
ith district heating pre-heat and electric im

m
ersion.

d-5+
6     

d-11+
12    

d-17+
18        d-1+

2        
d-7+

8     
d-15+

16      
d-3+

4         d-9+
10  

d-15+
16
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25
30

35
40

45
50

55
60

65
70

75
80

85
90

95
100

105
110

115

d-2
H

o
use - Lo

w
 eff. - P

anel heaters
12

12
12

13
13

14
14

15
15

16
17

18
19

20
21

22
23

25
26

£180

d-8
H

o
use - M

ed eff. - P
anel heaters

17
17

18
18

19
20

21
22

23
24

25
26

28
29

31
33

36
39

42
£188

d-14
H

o
use - H

igh eff. - P
anel heaters

33
34

36
38

40
42

44
47

50
54

59
65

73
86

n/a
n/a

n/a
n/a

n/a
£211

d-4
Lo

w
 rise flat - Lo

w
 eff. - P

anel heaters
14

15
15

16
16

17
18

18
19

20
21

22
23

25
26

28
30

32
35

£177

d-10
Lo

w
 rise flat - M

ed eff. - P
anel heaters

17
18

19
19

20
21

22
23

24
25

26
27

29
30

32
34

37
40

43
£198

d-16
Lo

w
 rise flat - H

igh eff. - P
anel heaters

42
44

46
49

52
55

59
63

69
76

87
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£243

d-6
H

igh rise flat - Low
 eff. - P

anel heaters
13

14
14

15
15

16
16

17
18

18
19

20
21

22
23

25
26

28
30

£191

d-12
H

igh rise flat - M
ed eff. - P

anel heaters
18

19
20

20
21

22
23

24
25

26
27

29
30

32
34

36
39

42
46

£204

d-18
H

igh rise flat - H
igh eff. - P

anel heaters
32

34
35

36
38

40
42

44
47

50
53

57
62

69
78

92
n/a

n/a
n/a

£234

d-2
H

o
use - Lo

w
 eff. - P

anel heaters
26

27
27

28
29

29
30

31
31

32
33

34
35

36
37

38
39

41
42

£180

d-8
H

o
use - M

ed eff. - P
anel heaters

26
26

27
27

28
29

29
30

31
32

32
33

34
35

36
38

39
40

42
£188

d-14
H

o
use - H

igh eff. - P
anel heaters

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£211

d-4
Lo

w
 rise flat - Lo

w
 eff. - P

anel heaters
24

24
25

25
25

26
27

27
28

28
29

30
30

31
32

33
34

35
36

£177

d-10
Lo

w
 rise flat - M

ed eff. - P
anel heaters

25
26

26
27

28
28

29
30

31
32

33
34

35
36

37
38

40
41

43
£198

d-16
Lo

w
 rise flat - H

igh eff. - P
anel heaters

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£243

d-6
H

igh rise flat - Low
 eff. - P

anel heaters
28

29
29

30
31

31
32

33
34

35
36

37
38

40
41

42
44

46
48

£191

d-12
H

igh rise flat - M
ed eff. - P

anel heaters
30

30
31

32
33

34
35

36
37

38
39

41
42

44
46

48
50

53
56

£204
d-18

H
igh rise flat - H

igh eff. - P
anel heaters

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£234

d-2
H

o
use - Lo

w
 eff. - P

anel heaters
25

25
25

26
26

26
27

27
27

28
28

28
29

29
30

30
30

31
31

£180
d-8

H
o

use - M
ed eff. - P

anel heaters
25

25
25

26
26

26
27

27
27

28
28

29
29

30
30

31
31

32
32

£188

d-14
H

o
use - H

igh eff. - P
anel heaters

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£211

d-4
Lo

w
 rise flat - Lo

w
 eff. - P

anel heaters
22

22
23

23
23

23
24

24
24

24
25

25
25

25
26

26
26

27
27

£177
d-10

Lo
w

 rise flat - M
ed eff. - P

anel heaters
25

25
26

26
26

27
27

28
28

29
29

30
30

31
32

32
33

34
34

£198

d-16
Lo

w
 rise flat - H

igh eff. - P
anel heaters

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£243

d-6
H

igh rise flat - Low
 eff. - P

anel heaters
27

27
28

28
28

29
29

30
30

31
31

32
32

33
34

34
35

36
36

£191
d-12

H
igh rise flat - M

ed eff. - P
anel heaters

29
30

30
31

31
32

33
33

34
35

36
37

37
38

39
40

41
43

44
£204

d-18
H

igh rise flat - H
igh eff. - P

anel heaters
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£234

Electric conversion

F
abric upgrade w

ith half air infiltratio
n

Electric conversion

F
abric upgrade to

 B
uilding R

egulatio
ns P

art L1B
 U

-values

Electric conversion

F
abric upgrade to

 B
uilding R

egulatio
ns P

art L1B
 U

-values + half air infiltratio
n

D
H

 heat price (£/M
W

h)
C

o
unterfactual 

cost (£/M
W

h)
A

rchetype
P

ayback perio
d (years) at different district heating unit prices

C
O

S
T

 E
FFE

C
T

IV
E

N
E

S
S

Air tightness upgrade 
provides high cost 
effective results, 
how

ever does not 
sufficiently m

eet the 
energy dem

and from
 

previous analysis (i.e. 
~

70%
 annual heat 

dem
and m

et)

Building Regulation 
upgrades are 
capable of m

eeting 
up to 95%

 of annual 
heat dem

and. 
M

edium
 cost 

effectiveness can be 
achieved w

ith 
paybacks of circa 
25-30 years.

E
N

E
R

G
Y

 E
F

F
IC

IE
N

C
Y

 W
O

R
K

S
 &

 D
IS

T
R

IC
T

 H
E

A
T

IN
G

 R
E

T
R

O
F

IT
E

L
E

C
T

R
IC

 C
O

N
V

E
R

S
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N
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0
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60

25
30

35
40

45
50

55
60

65
70

75
80

85
90

95
100

105
110

115

d-1
H

o
use - Lo

w
 eff. - G

as boilers
31

35
40

47
59

87
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£66

d-7
H

o
use - M

ed eff. - G
as bo

ilers
35

39
45

54
68

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£74

d-13
H

o
use - H

igh eff. - G
as bo

ilers
53

62
77

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£106

d-3
Lo

w
 rise flat - Lo

w
 eff. - G

as bo
ilers

39
45

55
73

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£63

d-9
Lo

w
 rise flat - M

ed eff. - G
as bo

ilers
27

30
33

37
42

49
61

85
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£85

d-15
Lo

w
 rise flat - H

igh eff. - G
as bo

ilers
35

38
42

47
52

61
74

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£140

d-5
H

igh rise flat - Low
 eff. - G

as bo
ilers

23
25

28
31

36
42

51
66

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£77

d-11
H

igh rise flat - M
ed eff. - G

as bo
ilers

25
27

30
33

37
42

49
60

83
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£91

d-17
H

igh rise flat - H
igh eff. - G

as bo
ilers

30
32

35
39

43
49

57
70

97
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£130

d-1
H

o
use - Lo

w
 eff. - G

as boilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£66

d-7
H

o
use - M

ed eff. - G
as bo

ilers
91

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£74

d-13
H

o
use - H

igh eff. - G
as bo

ilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£106

d-3
Lo

w
 rise flat - Lo

w
 eff. - G

as bo
ilers

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£63

d-9
Lo

w
 rise flat - M

ed eff. - G
as bo

ilers
49

53
60

68
81

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£85

d-15
Lo

w
 rise flat - H

igh eff. - G
as bo

ilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£140

d-5
H

igh rise flat - Low
 eff. - G

as bo
ilers

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£77

d-11
H

igh rise flat - M
ed eff. - G

as bo
ilers

52
58

65
76

96
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£91

d-17
H

igh rise flat - H
igh eff. - G

as bo
ilers

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£130

d-1
H

o
use - Lo

w
 eff. - G

as boilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£66

d-7
H

o
use - M

ed eff. - G
as bo

ilers
72

80
94

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£74

d-13
H

o
use - H

igh eff. - G
as bo

ilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£106

d-3
Lo

w
 rise flat - Lo

w
 eff. - G

as bo
ilers

89
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£63

d-9
Lo

w
 rise flat - M

ed eff. - G
as bo

ilers
46

49
53

57
63

71
82

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£85

d-15
Lo

w
 rise flat - H

igh eff. - G
as bo

ilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£140

d-5
H

igh rise flat - Low
 eff. - G

as bo
ilers

89
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£77

d-11
H

igh rise flat - M
ed eff. - G

as bo
ilers

50
54

59
66

74
88

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£91

d-17
H

igh rise flat - H
igh eff. - G

as bo
ilers

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£130

Gas heating conversion

F
abric upgrade w

ith half air infiltratio
n

Gas heating conversion

F
abric upgrade to

 B
uilding R

egulatio
ns P

art L1B
 U

-values

Gas heating conversion

F
abric upgrade to

 B
uilding R

egulatio
ns P

art L1B
 U

-values + half air infiltratio
n

D
H

 heat price (£/M
W

h)
C

o
unterfactual 

cost (£/M
W

h)
A

rchetype
P

ayback perio
d (years) at different district heating unit prices

C
O

S
T

 E
FFE

C
T

IV
E

N
E

S
S

D
istrict heating 

retrofits w
ith 

energy efficiency 
im

provem
ents 

found to be m
uch 

less cost effective 
for gas heated 
dw

ellings.

E
N

E
R

G
Y

 E
F

F
IC

IE
N

C
Y

 W
O

R
K

S
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 D
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A
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O
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A
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 C
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N
O

N
-D

O
M

E
S

T
IC

 4
G

C
O

S
T

 E
FFE

C
T

IV
E

N
E

S
S

61

Im
pact of new

 double glazing w
ith halved air infiltration.

N
on-dom

estic m
odels 

(m
edium

 and high viability) 

Percentage of annual 
heat dem

and pre-retrofit 
Percentage of annual 

heat dem
and post-retrofit 

Baseline 
40 flow

 
Baseline 

40 flow
 

M
odern office, fully glazed 

100%
 

61%
 

100%
 

78%
 

M
odern office, partially glazed 

100%
 

63%
 

100%
 

76%
 

Retail large high street, no catering 
100%

 
53%

 
100%

 
62%

 

Retail, sm
all high street 

100%
 

51%
 

100%
 

61%
 

Pre 1960 office, low
 efficiency 

100%
 

60%
 

100%
 

71%
 

 

Capital costing undertaken to re-calculate cost effectiveness. Supplem
entary 

heating and hot w
ater m

et though back-up gas boiler or secondary electric system
.

25
30

35
40

45
50

55
60

65
70

75
80

85
90

95
100

105
110

115

nd-2
Sm

all office - Low eff. - H
eat pum

p
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£559

nd-5
Large O

ffice - Low eff. - H
eat pum

p
7

7
7

7
7

7
8

8
8

8
8

8
8

8
8

8
8

8
8

£521

nd-3
Sm

all retail - Low eff. - H
eat pum

p
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£361

nd-9
Sm

all office - M
ed eff. - VR

F
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£992

nd-13
Large O

ffice - M
ed eff. - VR

F
15

15
15

15
16

16
16

16
16

16
16

16
16

16
16

16
17

17
17

£794

nd-10
Sm

all retail - M
ed eff. - VR

F
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£477

nd-6
Large retail - Low eff. - VR

F
28

28
28

29
29

30
30

31
31

32
32

33
34

34
35

36
36

37
38

£472

nd-7
Sm

all office - M
ed eff. - G

as boilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£25

nd-1
Sm

all office - Low eff. - G
as boilers

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£100

nd-14
Large O

ffice - H
igh eff. - G

as boilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£55

nd-11
Large O

ffice - M
ed eff. - G

as boilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£52

nd-4
Large O

ffice - Low eff. - G
as boilers

33
35

37
40

43
46

51
56

63
73

91
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£40

nd-8
Sm

all retail - M
ed eff. - G

as boilers
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

£80

nd-12
Large retail - M

ed eff. - G
as boilers

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
£37

N
ew

 do
uble glazing + half air infiltratio

n

Electric conversionGas conversion

D
H

 heat price (£/M
W

h)
C

ounterfactual 
cost (£/M

W
h)

A
rchetype

P
ayback perio

d (years) at different district heating unit prices

E
N

E
R

G
Y
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F
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N

C
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S
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H
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H
 C

O
S

T
 E

F
F

E
C

T
IV

E
B

U
IL

D
IN

G
S

 A
T

 4
0

°C
H

E
A

T
IN

G
 S

U
P

P
L

Y
T

E
M

P
E

R
A

T
U

R
E

62

D
om

estic
#/ha

1
Tow

er H
am

lets 028H
38

2
W

estm
inster 024E

34

3
W

estm
inster 021B

30

4
W

estm
inster 014F

30

5
W

estm
inster 022D

30

N
on-dom

estic
#/ha

1
Brent 015A

18

2
H

ackney 027G
12

3
W

estm
inster 016B

11

4
W

estm
inster 013E

11

5
Brent 022D

11

Com
bined

#/ha

1
Tow

er H
am

lets 028H
34

2
W

estm
inster 017C

35

3
W

estm
inster 024E

34

4
W

estm
inster 021B

32

5
W

estm
inster 014F

30



CO
PYRIG

H
T ©

 1976-2016 BU
RO

H
A

PPO
LD

 EN
G

IN
EERIN

G
. A

LL RIG
H

TS RESERVED

H
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H
 &

 M
E

D
IU

M
 C

O
S

T
 

E
F

F
E

C
T

IV
E

 B
U

IL
D

IN
G

S
 A

T
 

4
0

°C
 H

E
A

T
IN

G
 S

U
P

P
L

Y
T

E
M

P
E

R
A

T
U

R
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63

D
om

estic
#/ha

1
Tow

er H
am

lets 032D
240

2
W

estm
inster 024E

195

3
Southw

ark 003K
165

4
H

am
m

ersm
ith &

 Fulham
 023E

163

5
W

estm
inster 021B

141

N
on-dom

estic
#/ha

1
W

estm
inster 013E

19

2
Brent 015A

18

3
Brent 028D

15

4
Brent 022D

14

5
W

estm
inster 016B

13

Com
bined

#/ha

1
Tow

er H
am

lets 032D
241

2
W

estm
inster 024E

196

3
Southw

ark 003K
165

4
H

am
m

ersm
ith &

 Fulham
 023E

163

5
W

estm
inster 021B

142



CO
PYRIG

H
T ©

 1976-2016 BU
RO

H
A

PPO
LD

 EN
G

IN
EERIN

G
. A

LL RIG
H

TS RESERVED

W
O

R
K

 P
A

C
K

A
G

E
 4

B

C
N

C
A

 C
IT

IES
R

EP
LIC

A
B

ILIT
Y

M
ET

H
O

D

64
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N

C
A

 T
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P
O
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G

Y
 S

U
M

M
A

R
Y

65

Property type
Property age

0%

20%

40%

60%

80%

100%

solid fuel

Fuel oil, kerosene, etc.

Electricity

Bottled, tank, or LP gas

U
tility gas

H
eating fuel

0%

20%

40%

60%

80%

100%

Flat/M
aisonette

Sem
i detached or terraced

D
etatched
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1939 or earlier
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1980 to 1999

2000 or later
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Building 
stock analysis

D
evelop set 

of therm
al 

classes

Technical 
retrofit 

requirem
ents

Costing of 
retrofit 

requirem
ents

Cost 
effectiveness 

study
Pilot study

4G
 energy 

efficiency 
study 

A
ctivity

Steps
Rationale

[1a]. G
eneration of a dom

estic

building stock dataset 

containing building type 

inform
ation and therm

al 

attributes in a form
at suitable 

for spatial m
apping

[1.1]. Review
 and collate available spatial datasets containing, as a m

inim
um

:

-
N

um
ber of buildings by type 

-
M

easure of therm
al efficiency (e.g. w

all construction, age)

[1.2]. D
eterm

ine m
ost suitable w

ay to overlay separate datasets (e.g. percentage distributions).

[1.3]. Collate data on w
ider attributes for properties (e.g. fuel type, heating system

, roof insulation and 

glazing type) 

[1.4]. D
eterm

ine split of high and low
 rise buildings (e.g. num

ber of floors, or building height data)

[1.5]. Isolate and rem
ove properties that are already connected to com

m
unal heat netw

orks

The dom
estic building stock dataset 

form
s the foundation for the study. 

Therm
al efficiency is im

portant to 

have intrinsically linked to building 

types so that therm
al classes can be 

developed in Step 3. Factors such as 

height are im
portant to include as this 

w
ill im

pact on cost of D
H

 pipew
ork.

[1b]. G
eneration of a non-

dom
estic

building stock 

dataset containing building 

type inform
ation and therm

al 

attributes in a form
at suitable 

for spatial m
apping

[1.6]. Review
 and collate available spatial datasets containing, as a m

inim
um

:

-
Total num

ber and/or floor area of non-dom
estic buildings by typology 

[1.7]. Rem
ove typologies that m

ay already be considered as district heating anchor loads.

[1.8]. U
se heat dem

and benchm
arks and floor area estim

ates to determ
ine the m

ost significant non-

dom
estic typologies to shortlist (e.g. office, retail).

There is a large num
ber of different 

non-dom
estic building types. By 

stripping out anchor loads and 

undertaking sim
ple heat dem

and 

estim
ates the im

portant typologies 

can be focussed on. 
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Building 
stock analysis

D
evelop set 

of therm
al 

classes

Technical 
retrofit 

requirem
ents

Costing of 
retrofit 

requirem
ents

Cost 
effectiveness 

study
Pilot study

4G
 energy 

efficiency 
study 

A
ctivity

Steps
Rationale

[2a]. D
evelopm

ent of 

generic therm
al classes 

covering all dom
estic

buildings

[2.1]. D
evelop m

atrix of sim
plified therm

al classes by typology, therm
al efficiency and existing heating system

, 

[2.2]. U
ndertake spatial m

apping of the num
ber and density of low

, m
edium

 and high efficiency properties

[2.3]. For each typology, identify a typical property architecture and assign the m
ost probabilistic attributes [2.4]. 

U
ndertake location specific research to provide further detail to the above assum

ptions, e.g. heat transfer 

coefficient, heating system
 efficiencies

By developing a generic list of 

therm
al classes it is possible to 

apply the results generated 

through this study to the w
hole 

dom
estic building stock. 

[2b]. D
evelopm

ent of 

therm
al classes for m

ost 

prevalent non-dom
estic

buildings

[2.5]. Collate and review
 available data on energy perform

ance rating of the shortlisted non-dom
estic typologies

[2.6]. G
roup data into sim

plified energy efficiency bands to represent low
, m

edium
 and high efficiency

[2.7]. D
eterm

ine suitable floor area for sm
all and large sized buildings

[2.8]. D
evelop m

atrix of sim
plified therm

al classes by typology, therm
al efficiency and existing heating system

 

[2.9]. Shortlist the m
ost prevalent therm

al typologies

[2.10]. Extrapolate results based on total floor area to cover all shortlisted non-dom
estic building types 

[2.11]. U
ndertake spatial m

apping of the num
ber and density of low

, m
edium

 and high efficiency properties

[2.12]. For each typology, identify a typical property architecture and assign the m
ost probabilistic attributes 

[2.13]. U
ndertake location specific research to provide further detail to the above assum

ptions

By shortlisting the m
ost prevalent 

typologies, this w
ill allow

 a 

significant proportion of property 

types to be assessed. Classifying 

properties as having centralised 

or m
ixed gas/electrical H

VAC 

system
s w

ill help to rationalise 

the large variation of heating 

system
 types. 
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Building 
stock analysis

D
evelop set 

of therm
al 

classes

Technical 
retrofit 

requirem
ents

Costing of 
retrofit 

requirem
ents

Cost 
effectiveness 

study
Pilot study

4G
 energy 

efficiency 
study 

A
ctivity

Steps
Rationale

[3a]. D
evelopm

ent of 

energy and load m
odels 

for each typology

[3.1]. D
evelop a set of building sim

ulation m
odels to represent the baseline dom

estic and non-dom
estic 

typologies. N
ote: Som

e typologies m
ay have identical architectures and/or fabric properties, providing tim

e 

savings during the m
odelling process. H

VAC efficiencies can be applied retrospectively.

[3.2]. U
ndertake load and energy m

odelling for heating and hot w
aterdem

and of each typology

[3.3]. Extract half hourly energy consum
ption profiles enabling load duration curves to be produced

Load m
odelling results help to 

inform
 capital costing of heat 

em
itters. Annual energy figures 

feed into the payback 

calculations for cost effectiveness

[3b]. D
evelopm

ent of 

district heating retrofit 

connection strategies

[3.4]. For each typology, determ
ine the w

orks required to retrofit the property to district heating, considering:

-
If direct or indirect connection is m

ost applicable for building type and location.

-
W

hat heating and D
H

W
 infrastructure can be retained and/or needs to be rem

oved.

-
W

here D
H

 pipew
ork should be routed (e.g. internally or externally).

-
N

um
ber of heat interface units for building

-
Possible space provision for centralised D

H
W

 store

[3.5]. U
ndertake district heating pipew

ork sizing calculations for each typology, considering
pipew

ork lengths,
pipew

ork and insulations thicknesses, diversity factors in m
ulti-dw

elling buildings

[3.6]. U
ndertake sizing of new

 heat em
itters w

here applicable, using peak load figures.

By producing indicative retrofit 

strategies for each typology this 

enables the costing exercise to 

occur. The process w
ill also serve 

to uncover different options for 

connectivity, and assists in 

visually com
m

unicating the 

w
orks required.

.
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Building 
stock analysis

D
evelop set 

of therm
al 

classes

Technical 
retrofit 

requirem
ents

Costing of 
retrofit 

requirem
ents

Cost 
effectiveness 

study
Pilot study

4G
 energy 

efficiency 
study 

A
ctivity

Steps
Rationale

[4]. U
ndertake capital 

costing of district heating 

retrofit strategies

[4.1]. D
evelop dom

estic and non-dom
estic capital costing m

odels, and considering costs for:

-
D

istrict heating and secondary pipew
ork and insulation

-
Costs of trenching to street m

ain

-
H

eat em
itters, H

IU
s, pum

ps

-
Labour, prelim

inaries and overheads

-
Additional costs associated w

ith ‘retrofit’ challenges

[4.2]. Provide costing sum
m

ary tables by typology, review
ing total cost by dw

elling and building, in absolute 

term
s and per m

2.

[4.3]. Explicitly state unit costs assum
ed in study so that figures can be shared and com

pared against different 

CN
CA cities.

Costing of retrofit w
orks is 

im
portant as this links directly 

into the district heating cost

effectiveness calculations. N
ote 

that m
ost costing data w

ill not 

account for additional disruption 

of retrofit, so additional labour  

and overheads etc should be 

expected.
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Building 
stock analysis

D
evelop set 

of therm
al 

classes

Technical 
retrofit 

requirem
ents

Costing of 
retrofit 

requirem
ents

Cost 
effectiveness 

study
Pilot study

4G
 energy 

efficiency 
study 

A
ctivity

Steps
Rationale

[5]. U
ndertake payback 

calculations to assess the 

w
hole life cost of the 

district heating retrofit to a 

counterfactual case

[5.1]. D
eterm

ine the annualised counterfactual cost of heat for each typology, considering

-
Capital cost of counterfactual system

 (e.g. gas boiler, panel heaters, heat pum
p etc).

-
O

peration and m
aintenance costs, plant replacem

ent period, %
 of plant to be replaced

-
Labour, prelim

inaries and overheads

[5.2]. U
ndertake a discounted interest calculation to determ

ine the payback period for the district heating 

investm
ent, considering

district heating running costs (including O
&

M
), vs. annualised counterfactual case costs

[5.3]. Calculate payback at a range of D
H

 retail heat prices to determ
ine, at w

hich point the D
H

 payback period 

becom
es cost effective.

[5.4]. Categorise typologies in term
s of costeffectiveness

based on the payback period e.g. high: 0-15 years, 

m
edium

: 15-30 and low
 cost effectiveness: 30 years+

)

[5.5]. U
ndertake spatial m

apping of the num
ber and density of “high” cost effective properties, as w

ell as “high +
 

m
edium

” cost effective properties.

By assessing the cost

effectiveness
of district heating 

com
pared to a counterfactual 

case, this provides an indication 

of the life tim
e savings vs. 

business as usual. Running 

m
ultiple retail heat prices allow

s 

sensitivity of results across all 

typologies to be understood. The 

30 year payback is based upon 

London Plan guidance for the 

econom
ic evaluation of heat.
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Building 
stock analysis

D
evelop set 

of therm
al 

classes

Technical 
retrofit 

requirem
ents

Costing of 
retrofit 

requirem
ents

Cost 
effectiveness 

study
Pilot study

4G
 energy 

efficiency 
study 

A
ctivity

Steps
Rationale

[6]. U
ndertake pilot studies 

in areas prioritised for 

district heating to better 

understand the potential 

for existing building 

retrofit

[6.1]. Select pilot areas to undertake pre-feasibility district heating retrofit studies (e.g. based on areas w
ith high 

costeffectiveness
or w

ith district energy investm
ent).

[6.2]. Review
 and collate available spatial datasets (as per step 1.1 and 2.1) in level of detail appropriate for the 

pilot areas (e.g. Census output area). 

[6.3] Produce m
aps illustrating the num

ber of “high” costeffectiveness properties, as w
ell as “high +

 m
edium

” 

cosy
effective

properties.

[6.4] U
sing the heat dem

and figures created in step 5.2, produce m
aps illustrating the heat dem

and per m
2for 

“high” costeffective
properties, as w

ell as “high +
 m

edium
” costeffective

properties.

[6.5] O
verlay points of interest onto m

aps, e.g. existing and proposed heat netw
orks, energy centres, incinerators 

etc.

The pilot studies give an 

indication into the level of detail 

that can be produced to aid 

project team
s in pre-feasibility 

studies for district heating.  By 

overlaying points of interest and 

highlight areas of high cost 

effectiveness &
 high heat 

dem
and, this w

ill strengthen the 

case for investm
ent in those 

areas.
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Building 
stock analysis

D
evelop set 

of therm
al 

classes

Technical 
retrofit 

requirem
ents

Costing of 
retrofit 

requirem
ents

Cost 
effectiveness 

study
Pilot study

4G
 energy 

efficiency 
study 

A
ctivity

Steps
Rationale

[7] Investigate the 

technical feasibility and 

cost effectiveness of the 

retrofit of 4
th

generation 

district heating netw
orks.

[7.1]. U
ndertake load m

odelling results at different flow
 tem

perature scenarios e.g. 

70, 60, 50, 40 degrees Celsius (158, 140, 122, 104 degrees Fahrenheit).

[7.2]. Produce load profiles for the tem
perature reduction strategies and determ

ine 

the %
 of annual unm

et energy dem
and for each typology.

[7.3]. U
ndertake heat em

itter sizing calculations to determ
ine at w

hich point fabric 

retrofits to im
prove energy efficiency are required.

[7.4]. D
evelop energy sim

ulations for a range of fabric efficiency strategies (e.g. new
 

double glazing, w
all insulation im

proved air tightness)

[7.5]. Re-run load m
odelling for selected low

 tem
perature scenarios to understand 

rem
aining unm

et energy dem
and.

[7.6]. U
ndertake further heat em

itter sizing calculations for post-retrofit scenarios, 

including costing for hot w
ater generation provision. 

[7.7]. Re-assess cost effectiveness, as per steps 8.1 to 8.4, based on the reduced 

tem
perature scenario w

ith additional investm
ent costs included.

[7.8]. Provide sum
m

ary and recom
m

endations for im
plem

entation of 4G
 netw

orks.

Low
er tem

perature heat netw
orks enable a transition aw

ay 

from
 fossil fuels to a future heat supply that m

akes an ever 

increasing use of renew
able energy alongside local secondary 

heat sources. W
ith respect to existing buildings it is im

portant 

to understand w
hat interventions are required to allow

 this 

solution to be technically feasible. H
ow

 this im
pacts on overall 

costeffectiveness
should be better understood, as it m

ay be 

m
ore cost effective to sim

ply refurbish the property to a high 

standard and not connect to district energy. 
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D
istrict heating retrofit costs

!
The cost to connect existing gas centrally heated dom

estic buildings w
as found to vary from

 £66/m
2to £87/m

2

equating to betw
een £4,600 and £6,800 per unit, based on the typologies assessed. 

!
The cost to retrofit gas centrally heated com

m
ercial office and retail buildings varied from

 £15/m
2to £82/m

2. 

!
The cost to connect existing electrically heated buildings w

as higher, ranging from
 £112/m

2to £141/m
2for 

dom
estic buildings, equating to betw

een £7,700 and £11,000 per unit. 

!
For com

m
ercial office and retail buildings this varied from

 £30/m
2to £191/m

2. 

!
By com

parison, the cost to undertake an energy efficiency retrofit to a low
 efficiency solid w

alled dw
elling w

as 

estim
ated to be £106/m

2to £159/m
2. This w

orks w
ould involve m

eeting Part L1B insulation standards for im
proved 

U
-values, new

 w
indow

s and halving air infiltration on hard-to-treat dw
ellings.
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D
istrict heating cost effectiveness

!
The properties found to be the m

ost cost effective for district heating retrofits are low
 and m

edium
 efficiency 

electrically heated high-rise flats, low
-rise flats and houses, as w

ell as large electric offices. 

!
These types of buildings represent up to 8.7%

 (330,000) of existing buildings in London. The LSO
As w

ith the highest 

densities of these properties can be found in Tow
er H

am
lets, W

estm
inster, H

am
m

ersm
ith &

 Fulham
 and Southw

ark. 

These boroughs are relatively central suggesting that the greatest opportunities for retrofitting these types of 

buildings for connection to district heating are in the denser, m
ore central London boroughs.

!
Properties found to be of m

edium
 cost effectiveness for district heating retrofit include low

 and m
edium

 efficiency 

gas heated flats, houses and large retail buildings.

!
Collectively the high and m

edium
 cost effective properties represent up to 81.7%

 of the dom
estic and non-dom

estic 

stock analysed (3,100,000 buildings). Areas w
ith the highest density of m

edium
 cost effective buildings include 

Tow
er H

am
lets, W

estm
inster, H

ounslow
, Southw

ark, Islington and W
andsw

orth.

M
A

IN
 FIN

D
IN

G
S

75



CO
PYRIG

H
T ©

 1976-2016 BU
RO

H
A

PPO
LD

 EN
G

IN
EERIN

G
. A

LL RIG
H

TS RESERVED

Pilot study

!
In the pilot study, a m

ethodology to determ
ine district heating retrofit cost effectiveness at a higher resolution of detail 

for LSO
As w

as carried out and tested for areas of Islington, Enfield, Sutton and Cam
den.

!
The analysis of the pilot study areas found that Islington and Enfield had the highest densities of cost effective buildings,

e.g. electrically heated properties, that fell into the high category, w
hereas Sutton and Cam

den consisted prim
arily of 

gas heated properties of m
edium

 cost effectiveness. 

!
The proof of concept m

odel show
ed good potential for identifying typologies that fell into the high cost effective 

category, e.g. high rise flats and offices, provided that data at individual property level could be acquired. 

!
It is recom

m
ended that m

ore data on the therm
al efficiency of properties should be gathered at Census output area to 

develop the pilot study m
apping m

ethod further into a tool for supporting pre-feasibility studies and energy 
m

asterplanning
and capable of inputting into feasibility studies

aim
ed at identifying potential consum

ers for a new
 or 

expanding heat netw
orks.
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4
th

generation district heating netw
orks

!
Low

er tem
perature (70 °C to 40 °C ) heat netw

orks are necessary to enable transition aw
ay from

 fossil fuels (e.g. natural 

gas fired com
bined heat and pow

er units) to renew
able and secondary heat (environm

ental and w
aste heat) sources. 

!
In a district heating netw

ork w
ith a supply tem

perature of 70
°C approxim

ately 99%
 of annual energy dem

and can be 

m
et. At 60

°C this drops to betw
een 96%

-99%
, and at 50

°C this drops further to betw
een 86%

-98%
. At a supply 

tem
perature of 40

°C this can be as low
 as 50%

-92%
 depending on the energy efficiency of the property being supplied.

!
It w

as identified that through the use of larger radiators it w
as possible to m

eet 100%
 of space heating dem

and in a 

dom
estic property at heating supply tem

peratures from
 70 °C to 50

°C w
ith m

inim
al im

pact on internal space due to the 

larger radiators. O
ften a larger surface area radiator can be fitted in the sam

e w
all area as the existing radiator. 

!
By com

parison, w
ith 40

°C supply tem
peratures larger radiators alone w

ould be an im
practical solution, because of the 

num
ber and size of additional radiators required. Supporting energy efficiency m

easures are required.
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O
ptim

al level of energy efficiency for 4
th

generation district heating netw
orks

!
At the heating supply tem

perature of 40
°C, low

 cost m
easures to im

prove air tightness alone w
ere estim

ated to only 

increase the percentage of annual energy dem
and from

 approxim
ately 60%

 to 70%
, m

eaning that an im
practical 

num
ber of additional radiators w

ould still be needed to provide the level of therm
al com

fort required. 

!
An energy efficiency upgrade w

ith insulation (equivalent to Building Regulations Part L1B standards for im
proved U

-

values), new
 w

indow
s and air tightness im

provem
ents w

ere show
n to increase this to 95%

. These additional energy 

efficiency w
orks add further costs of £71/m

2to £161/m
2to the district heating retrofit, but they allow

 larger em
itters (or 

variations in heat netw
ork tem

perature) to m
eet the rem

aining energy dem
and for the building.

!
For dom

estic hot w
ater (D

H
W

), point-of-use heaters or an electric coil in the calorifier/ hot w
ater tank can be installed, 

to provide additional heat as necessary. For high-rise flats D
H

W
 can also be provided through a centralised approach.

!
It w

as estim
ated that large electrically heated offices, as w

ell as low
 efficiency, electrically heated dom

estic properties 

can still be cost effective even after taking account of the additional costs of fabric, dom
estic hot w

ater and radiators. 
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Feasibility and roll-out of district heating

!
In term

s of the w
ider roll out of district heating in London, it is likely that start-up netw

ork locations w
ould still be 

dictated by new
-build developm

ents and existing district heating anchor loads. 

!
W

here there are existing or planned district heating netw
orks, retrofitting existing buildings to connect to them

 offers a 

cost effective solution to decarbonise their heat supply and create low
 and zero carbon neighbourhoods. 

!
In locations w

ith no district heating netw
orks, energy efficiency together w

ith alternative low
 carbon heat supply 

solutions, such as heat pum
ps or green gas, w

ill be required to decarbonise heat supply and the local building stock. 

!
It is likely that local authority and social housing estates w

ould be the m
ost straight-forw

ard to retrofit for district 

heating due to sim
pler ow

nership and control; albeit subject to consum
er preferences and m

aintenance considerations. 

!
Conservation areas m

ay also be suitable for district heating retrofit as it w
ould offer a cost effective solution in low

 

efficiency dw
ellings w

here fabric upgrade m
easures are restricted and/or expensive (e.g. external/internal solid w

all 

insulation). 
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Feasibility and roll-out of 4
th

generation district heating

!
Retrofitting existing buildings for connection to low

er tem
perature district heating netw

orks, supply tem
peratures 

from
 70 °C to 50 °C, offers a cost effective solution for decarbonising their heat supply as they are able to m

eet 

100%
 of their annual heat dem

and by a com
bination of increasing the size of radiators and/or variable supply 

tem
peratures during cold w

eather periods.

!
This illustrates a realistic approach for decarbonising heat netw

orks and consequently the building stock that is 

supplied by them
 and should be considered in the strategic planning for low

 and zero carbon neighbourhoods.

!
The m

ost optim
al strategy for decarbonising heat supply w

ill vary depending on the part of the city that is 

considered; it is likely to require a com
bination of heat netw

ork connections, energy efficiency m
easures and a m

ix 

of building level heat generation system
s. Factors affecting the choice w

ill depend on the nature of the building 

stock, the m
ix of property types, their heat dem

and density and w
hat the local infrastructure can sustain, e.g. 

available electrical netw
ork capacity and heat netw

ork capacity.

M
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D
H

 -
H

igh cost effectiveness

•
U

p to 9.0%
 (312,600) of dom

estic buildings 

•
U

p to 5.0%
 (16,700) of non-dom

estic buildings

•
U

p to 8.7%
 (329,300) of all buildings

D
H

 -
H

igh &
m

edium
 cost effectiveness

•
U

p to 87.9%
 (3,037,000) of dom

estic buildings

•
U

p to 17.1%
 (57,000) of non-dom

estic buildings 

•
U

p to 81.7%
 (3,095,000) of all buildings
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D
istrict heating, 40 °C heating supply tem

perature and 
energy efficiency retrofit -

H
igh cost effectiveness

•
U

p to 4.7%
 (164,100) of dom

estic buildings 

•
U

p to 5.0%
 (16,700) of non-dom

estic buildings 

•
U

p to 4.8%
 (180,800) of all buildings 

D
istrict heating, 40 °C heating supply tem

perature and 
energy efficiency retrofit -

H
igh &

 m
edium

 cost effectiveness

•
U

p to 22.8%
 (788,800) of dom

estic buildings 

•
U

p to 6.6%
 (21,800) of non-dom

estic buildings 

•
U

p to 21.4%
 (810,600) of all buildings

N
ote: The total num

ber of dom
estic buildings in London w

as found to be 3,455,750 based upon LSO
A

 datasets for ‘Property type and bedroom
 count’ from

 O
ffice for 

N
ational Statistics (O

N
S) neighbourhood statistics, 2014. The total num

ber of non-dom
estic buildings in London w

as taken as 331,511 based upon O
rdnance Survey 

A
ddress-Base-Plus, N

ov 2015 and 2011 Census Low
er Super O

utput A
reas; of these buildings, 206,193 are office and retail buildings.
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!
In areas w

here there are existing or planned netw
orks, connecting existing buildings to a heat netw

ork is an effective w
ay 

of decarbonising them
 -

particularly for hard-to-treat high rise electric properties, low
 rise flats and offices as the netw

ork 

can then actively plan for and invest in the connection of low
 and zero carbon heat sources.

!
The capital cost of district heating retrofit is com

parable to a w
hole house energy efficiency refurbishm

ent, therefore it is

a realistic alternative and/or supplem
entary decarbonisation approach in areas w

ith existing or planned netw
orks. 

!
Consum

er benefits include low
er cost heat, so m

ore affordable w
arm

th; plus instantaneous hot w
ater and space savings.

!
A diverse range of secondary heat and renew

able energy sources can be exploited by cities w
ith extensive district heating 

netw
orks as they provide the distribution infrastructure to m

ove heat from
 w

here it is produce to w
here it is consum

ed.

!
Low

 tem
perature netw

orks enable the cost effective use, in conjunction w
ith heat pum

ps, of low
 grade secondary heat 

sources, such as heat from
 the tube, air-conditioning units, data centres and the environm

ent. 

!
D

istrict heating netw
orks can play a key role in London’s strategy for decarbonising heat, particularly in dense urban areas 

w
ith a m

ix of building typologies. For exam
ple, they can accom

m
odate very large peak heating dem

ands on cold days 

and to do this using electric heating system
s w

ould require extensive reinforcem
ent of London’s electricity grid.
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