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Agenda

« Construction of the Urban Energy Model

« Can we model ‘buildings?’

 Allocating floor space, use type and energy meters
« Analysing floor space and use type

« Mapping building attributes

« Simulating performance, calibration and verification
» Conclusions
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London Building Stock Model (LBSM)

3DStock SimStock

Automatic generation of detailed Automatic generation of detailed
built form from publicly available simulation models to predict energy
national datasets. and environmental performance.

10+ years of development Built on Energy Plus



3DStock architecture

Agency

Non-domestic rating: Business Floorspace
England and Wales
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Building heights and
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- UK Buildings
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3D model of building stock
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m Q Search

SCU Mix class

1.Pure Non-domestic; single occupier

2.Multi Mon-domestic; same activity

3.Mon-domestic; multiple activities

4.Men-domestic & domestic: Non-domestic dominant
5 & 6.Domestic & non-domestic: neither dominant
7.Domestic & nen-domestic: Domestic dominant
8.Pure domestic: == 10 households

9.Pure domestic: >1 and < 10 househelds

10.Pure domestic: single household

Not classified

Source: Name of source



UCL Energy Institute dh

What is a building use type?
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What happens when buildings meld?

Example:

A shop extends across the
ground floor of two adjacent
buildings.

Operated as one premises.
Probably supplied by one set of
energy meters for electricity and
gas (but these could also serve
upper floors).

T'  e~ i. ///////////////////////M\MJ If the shop is split between

buildings how can the energy
use data be reconciled?
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Solution: Self-Contained Unit (SCU)

SCU:

An envelope that wraps around
a collection of buildings without
dividing any of the associated
premises and contains all the
energy meters that relate to
contained premises.
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How do we know what Is contained?

... for most premises types the Valuation Office Agency (VOA)
measure and classify the rateable space
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. which means we know the floorspace of each activity on each

floor

record_type asst_ref|uarn ba_code description area

character varying(2) bigint | bigint character varying(4) character varying(240) numeric(s,2
109 02 ¥ e ¥ 6/Ground Kitchen 3.4
110 |62 - " TR R Ty 7/Ground 'f@ffime(imlcﬂenemiomn] 52.7
111 |62 = 8|/Ground - Internal Storage: 5.8
112 |62 1/Ground Retail Zone A 20.9
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... and we can model average electricity consumption in each
activity area, by end use

description area

50) character varying(240) numeric(8,2) ’
Kitchen 4745 Lighting, DHW, catering etc. 1,556 kWh per annum
Office (incl-Reception),) ““s2:71  Lighting, computers, small power etc. 5,571 kWh per annum
Internal Storage: “ 5.3 Lighting, computers, DHW etc. 209 kWh per annum
29.93 Total: 7,336 kWh per annum

Retail Zone A

—_ s MW o .
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Domestic (residential) floor areas

... floor area not available from VOA, so LIiDAR used to calculate:

l scu_id Floor d_uprns_in_scuf toids_in_scuf F2F_heigh! F2F_confidgfgea

bigint numeri bigint[] character varying[] numeric(1 numeric(6 8 numeric gharacter varying(500)
| 1 [s210112483081a 2.0 (5097280} '{'0sgb1000604051745") {296.70] (10.1000}1]  66.00 (B.2.3) Agreement between LiDAR and the stratified floor count.
[ 2 |52191124830014 1.0 {5097198,5697199]) {'0sgbloboeo4051745") {296.7¢} {10.1000} D.2.3) Agreement between LiDAR and the stratified flocor count.
| 3 |52181124838014 9.0 {5097201} {'0sgbl0PO6OAB51745"} {296.70} {16.1000} Agreement between LiDAR and the stratified floor count,
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Matching energy meters to premises

PO = ‘
20
....... QiR s : fﬁl&
W e
L8,
x‘ Q
2,
ey
— b
R ¢ 00 My o N e

. Built Block
° ADD“Essn‘TE“ES Z
Topo polygon(s)
. po polyg ®
f#@

d’g —
SCU )
. Q% .;.\J NChy e

@ v+ poonssner e Relationships between
@ ,0 e men meters, premises and

o AT Oy an._ng .
MPAN/elec meter < buildings can be complicated
MPRN/gas meter with associations at various
levels and often different

between electricity and gas

polygon
e
D“'nk_g
21010007

“‘\‘ I“\\ ,""‘ A
“‘\‘ . o . ot
60.35m 4 '
¢ 7 o0
i N ) 4
Vi b y b
' N o, y
VAR . g p
. ,\?/ //\/\/\ /
ﬁ'.r
'z

mpan




3DStock Non-domestic and domestic modelling

UCL Energy Institute

Evans, Liddiard & Steadman.

Complexity often increases with size

@C ‘ = R0 \

CONTAINS\

ADDRESSMATCHES
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Not all

Lower EUI

v

Higher EUI

BRRREOOLH

buildings have addresses

Associating all the energy use with the single addressed building
on the left implies a very high Energy Use Intensity (EUI).
3DStock uses a number of datasets to identify and associate
buildings that make up the premises served by the meters.



Central London ground floor level
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Central London first floor level

Arts & Leisure

B Community

B Education

B Emergency
Excluded

Il Factory
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I Hospitality

Bl Miscellaneous

B Office =
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Bl Sport
Transport

Bl Uncoded

B Warehouse
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3D data allows detailed analysis of floor
space
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LBSM current status

London Building Stock Model » About

StAlbans

p data panel
Aggregating data by borough (Camden)

Total SCU's: 113887 domestic 15792 non domestic
Current average EPC (

Current average EPC (by c

Count domestic EPCs: 48407

Count domestic virtual EPCs: 74960

Count non domestic EPCs: 3269

Count non domestic virtual EPCs: 36

Potential average domestic EPC (by floor area) undefined
Potential average domestic EPC by count: C

SCU Mix legend

M 1.Pure Non-domestic; sing| pier

M 2.Mutti Non-domestic; same activity
3.Non-domestic; multiple activities
4.Non-domestic & domestic: Non-domestic dominant
5 & 6.Domestic & non-domestic: neither dominant
7.Domestic & non-domestic: Domestic dominant
8 Pure domestic: >= 10 households
9.Pure domesti and < 10 households

W 10.Pure domestic: single household

M Not classified

Number of domestic SCU's below MEES (on count): 1933

A e height built volume (metres)
Estimated GEA floor area (square metres)
Estimated period of construction

ntrols
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Clear all planning control filters
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Borough of Camden showing SCU mix

2 Sl BT ][R KA Y Y

@ Map data snc—t
Aggregating data by borough (Camden)

Total SCU's: 113887 domestic 15792 non domestic
Current average EPC (by floor area): D

Current average EPC (by count): D

Count domestic EPCs: 48407

Count domestic virtual EPCs: 74960

Count non domestic EPCs: 3269

Count non domestic virtual EPCs: 3677

Potential average domestic EPC (by floor area) undefined
Potential average domestic EPC by count: C

Number of domestic SCU's below MEES (on count): 1933

Colour map by

®) SCU Mix (measure and type of mixed use)
Energy efficiency rating (by area) (EPC/DEC/VEPC)
Average height of built volume (metres)
Estimated GEA floor area (square metres)
Estimated period of construction

Filter features by

Data values Building attributes  Planning controls

Listed building status

d (hid:

Located in consevation area?

Clear all planning control filters

Clear these filters

ndon Building Stock Model

- e

—

SCU Mix legend

M 1.Pure Non-domestic; single occupier

M 2 Multi Non-domestic; same activity

M 3.Non-domestic; multiple activities
4.Non-domestic & domestic: Non-domestic dominant
5 & 6.Domestic & non-domestic: neither dominant
7.Domestic & non-domestic: Domestic dominant
8.Pure domestic: >= 10 househoids

M 9.Pure domestic: >1 and < 10 households

M 10.Pure domestic: single household

W Not classified
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Domestic/non-domestic building mix

Islington Pure domestic Westminster

Pure non-domestic
Mixed non-domestic

Mixed domestic/non-domestic

Leicester
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Use type mix at Lower Super Output Area
(LSOA)

London Building Stock Model

- r i = ‘ ‘Vw A

Map data panel

Aggregating data by LSOA (Camden 026D)
SCU Mix legend
Total SCU's: 814 domestic 2497 non domestic
Current average EPC (by floor area): D
Current average EPC (by count): D

Count domesticEPCs:346 O
Count domestic virtual EPCs: 656

Count non domestic EPCs: 92

Count non domestic virtual EPCs: 0

Potential average domestic EPC (by floor area) undefined
Potential average domestic EPC by count: C

Number of domestic SCU’s below MEES (on count): 10

M 1.Pure Non-domestic; single occupier .
M 2 Multi Non-domestic; same activity

3.Non-domestic: multiple activities

4.Non-domestic & domestic: Non-domestic dominant

5 & 6.Domestic & non-domestic: neither dominant

7.Domestic & non-domestic: Domestic dominant

8.Pure domestic: >= 10 households
M 9.Pure domestic: >1 and < 10 households A
g M 10.Pure domestic: single household
I Not classified

g attributes  Planning controls

@ Adminstrative areas - Borough/MSOA/LSOA
(These auto adjust by map zoom level)
¢ tunity areas



UCL Energy Institute

Energy Performance Certificates (EPCs) at
LSOA

London Building Stock Model

L I o=

Map data panel

Aggregating data by LSOA (Camden 026D) —d
f

Energy efficiency rating

Total SCU's: 814 domestic 2497 non domestic B G- Less than 20 '
Current average EPC (by floor area): D M F: 20-40
Current average EPC (by count): D E: 40-55 (MEES) i
CountdomesticEPCs:346 ErE Do 10
] e C:70-80
Count domestic virtual EPCs: 656 B: 80-90
Count non domestic EPCs: 92 A: More than 90
Count non domestic virtual EPCs: 0 . N 5

Potential average domestic EPC (by floor area) undefined
Potential average domestic EPC by count: C
Number of domestic SCU's below MEES (on count): 10

Building attributes = Planning controls

@ Adminstrative areas - B
(These auto adjust
Opportunity areas

ugh/MSOA/LSOA
zoom level)

-
-
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Period of construction at LSOA

London Building Stock Model
Map data panel

Aggregating data by LSOA (Camden 026D)

u 3 Q search
) ] - w . % A Estimated period of construction |
Total SCU's: 814 domestic 2497 non domestic .’ '_, - “‘“ ‘(\&@ﬁ B Unknown date .

Current average EPC (by floor area): D “\““@?J - ‘e 7 M Historic to end Georgian - 1837
Current average EPC (by count): D " Wy N %3}\\,; <) B Early and middle Victorian 1837-1870 7
A SR '
A

CountdomesticEPCs:346 ‘SRRl ‘ Late Victorian/Edwardian 1870-1914

(e % World War 1 - World War 2 1918-1939
Eount domsstlc VItrtuglpEcPCfﬁ% % Post war regeneration 1945-1959
Count non domestic s: 92 .

e
5T %

t S EPCs: \ ! \‘ e
Count non domestic virtual EPCs: 0 & e \ -
Potential average domestic EPC (by floor area) undefined 2 \ R

Sixties / seventies 1960-1979
B Modem 1980-current
W Recent years - post 2000
B Data missing
Potential average domestic EPC by count: C Data Source:

Number of domestic SCU's below MEES (on count): 10

Estimated GEA floor area (square metres)
®) Estimated period of construction

Filter fi

Data val Building attributes = Planning controls

es for

e data values by

® Adminstrative areas - Borough/MSOA/LSOA
(These auto adjust by map zoom level)

tunity areas

|
Colour map by
SCU Mix (measure and type of mixed use)
Energy efficiency rating area) (EPC/DEC/VEPC)
Average height of built volume (metres)
S
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)
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Detalil available for each SCU

London Building Stock Model

e p = = . X & Head level address
Aggregating data by LSOA (Camden 026D) il z ‘% '“Q;
’ \

Total SCU's: 814 domestic 2497 non domestic - 1 ‘ \‘.,\__ =

Current average EPC (by floor area): D “““‘ ‘.o % \!\2@ 5

Current average EPC (by count): D WL N ¥ - %
A

L
c % S - < N /‘
ountdomesticEPCs:346 B ‘\‘ 2 ", ‘

. :
)
\

-* -
-*
-

Unique Property Ref

Count domestic virtual EPCs: 656 % '(o o ) N 0 (U P R N) ::tm
Count non domestic EPCs: 92 Lo L8 / & 0‘,&@ "

Count non domestic virtual EPCs: 0 w 3 o> : ’ K
Potential average domestic EPC (by floor area) undefined s > ’ Ay 158,159

Potential average domestic EPC by count: C
Number of domestic SCU's below MEES (on count): 10

TOTTENHAM COURT ROAD
LONDON, W1T 7NH
UPRN: 5134301

»Current energy
efficiency rating

Colour map by
"agg_epc_current_e

®) SCU Mix (measure and type of mixed use)
Energy efficiency rating (by area) (EPC/DEC/VEPC)
Average height of built volume {metres)
Estimated GEA floor area (square metres)

A}
\ .
.

.

S
.
Estimated period of construction

Y- Attached status
(ET = End Terrace)

C
Filter features by

Datavalues Building attributes = Planning controls

Show boundaries for

B

Aggregate data values by s,

'% .
Number of premises

@ Adminstrative areas - Borough/MSOA/LSOA
{These auto adjust by map zoom level)

Opportunity areas

»+~Floor area
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Application: district energy potential routes

T
Camden g N

MWh / m of segment length (pa) ”/ BN
0 - 1 -“/'. \
1-2
2-4
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— -9
9 -20
= 20 - 100
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SimStock
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SimStock: Automatic generation of Energy
Plus Input Description Files (IDFSs)

Built form divided into Built Blocks
which contain a number of
adjacent SCUs demarcated from
each other by roads and other
physical separations.

Each Built Block is comprised of a
set of SCUs divided into zones
each having a unique ‘use type’,
eg: office, retail, residential, etc.
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SimStock: Shading

Impact of shading from surrounding Built Blocks accounted for.

Surrounding Build Blocks
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SimStock: Data sources

3DStock/LBSM: =
» Floor area per floor

 Wall area/ type

* Floor heights

« Shading

Other data L E
« Occupancy and operation prortiies Tor eacn use type

* Window area related to age and materials

* Other details from NCM / SAP assumptions

11

11
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SimStock: Outptus

Model calibration

Simulations trained against
partial population using
stochastic parametric
analysis and genetic
algolrithms

Refined model tested on
remaining population

Comparisons made with
semi-empirical models

Predicted kWh/m*

Predicted kWh/m*
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Solar mapping — initial development

ayers Panel P® "y
dl@.'Y:'. "1‘6
» & . topographicline
v & TQ2286_P_9983_20150206_201502...
+ 0-145

145-289
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® test_raw_points
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Conclusions

« Urban building and energy models can be built from
existing, publicly available data.

« Use type analysis shows that urban areas are
considerably mixed within single buildings and this has
Implications for modelling in detalil.

« Association of energy performance certificates and
display energy certificates allows first order area based
energy analysis.

* Initial indication that automatically generated simulation
models are feasible for large areas and provide credible
results.
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Questions?

Paul Ruyssevelt

p.ruyssevelt@ucl.ac.uk



