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Benchmarking context / background

A need for providing better benchmarks

» Most existing energy
benchmarks based
PROBE study from 1990s
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Benchmarking context / background

A need for providing better benchmarks

» Most existing energy
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Benchmarking context / background

A need for providing better benchmarks

° M (0] St eX|St| N g ene rgy Table 20.1 Fossil and electric building benchmarks — continued
benChmarkS based Building type Energy consumption bei
/ (KW-h-m~2) per ye:
PROBE study from 1990s Good practice
E . S t na ener Fossil fuels Electricity
°
Xistl g gy Entertainment: (continued)
benchmarks often out-of- — social clubs 140 60
— bingo clubs 440 190
date | -
Education (further and higher)!cl:
. . — catering, bar/restaurant 182 137
° Absolute f|gures W|th0ut — catering, fast food 438 200
. . — lecture room, arts 100 67
mUCh ConteX'[uahsa'[lon — lecture room, science 110 113
— library, air conditioned 173 292
— library, naturally ventilated 115 46
— residential, halls of residence 240 85
— residential, self catering/flats 200 45
— science laboratory 110 155

Education (schools)®:

— primary 113 22
— secondary 108 25
— secondary (with swimming pool) 142 29
Hospitals®):
. — teaching and specialist 339 86
E Benchmarking Lecture — acute and maternity 422 74
Dr Sung Min Hong — cottage 443 55
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Benchmarking context / background

A need for providing better benchmarks

« Most existing energy Display energy certificate (DEC)
benChmarkS based Operational rating Cartificate number: 2820-0710-1112-0299.-0492

University College London
use, 14 Upper Wobum Place

PROBE study from 1990s i e

Total useful floor area: 5365 square metres

. . Energy performance cperational rating
[ ] E X I Stl n e n e r Tha bulding's energy performance operaliona| raling |s based
on its carban dioxide (CORZ) emissions for the |ast year,

It is given a score and an operational rating on a scale fram A

b e n C h m arks Ofte n O ut_ Of_ {lowest emissions) to G (highest emissions), o)

The typical score for a public building is 100, This typical score
gives an operational rating of D,

date Octaber 2019
Score Operational rating This building | Typical

October 2018

Previous operational ratings

Dale OCperational rating

« Absolute figures without —
much Contextuallsa‘tion 5175 c 75]C Iﬂi?&‘?ﬂ‘ﬁ‘&??&ﬂ'ﬁ?ﬁ%fr‘“c‘gimD”""‘"
D

ee Date Electricity Heating Renewables
2020 3 14 [i]
\eed00 - October
1014125 E October 2019 304 48 0
October 2018 383 a2 a
Assessment detals
Assessor's name lan Shellard
This building’s energy use EmployerTrading name  ESOS Enargy
Energy use Electricity Other fuels
i 2nd Floor Tower House,
EmployerTrading Fariox Strct. risol 551
Annual energy use B
(ihim2yes) 12,26 13,36
. ) Contractor 1o the ccoupier for
i Assessor's declaration b
Typical energy use EPBD services only,
(KWhim2iyear) 80 214.84
. Accreditation scheme Stroma Certification Lid
Benchmarking Lecture sy oy 0% 0%
i Issue date 2 March 2021
Dr Sung Min Hong

MNominated date 31 October 2020
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Benchmarking context / background

A need for providing better benchmarks

» Most existing energy
benchmarks based
PROBE study from 1990s

- Existing energy S s
benchmarks often out-of- YU i ST ORE HOURS
date /P 3} : MONDAY 7 am-Tpm

o i S zctan TUESDAY 7 am-7pm

WEDNESDAY 7 am-7pm

» Absolute figures without

THURSDAY 7 am-7pm

much contextualisation “ e

SATURDAY 7 am-7pm

SUNDAY CLOSED

Yo o

Weather adjustment Extended occupancy Separable energy uses
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Benchmarking context / background

A need for providing better benchmarks

» Most existing energy
benchmarks based

PROBE study from 1990s General ofice -+—l——
Cultural activities - 1o} {
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much contextualisation =
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Continued changes in

energy use

Existing and new
energy benchmarks

Benchmarking Lecture
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Benchmarking context / background

Opportunities and challenges

Review and Establish Existing and New Energy Benchmarks
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Benchmarking context / background

Opportunities and challenges

Review and Establish Energy Benchmarks

Continued changes in
energy use

Existing and new
energy benchmarks

Classifications of
activities

Dynamic approach to
benchmarking

Benchmarking Lecture
Dr Sung Min Hong
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Benchmarking context / background

Opportunities and challenges

Improve the Relevance of Benchmarking
* Rich data available (e.g. Display Energy Certificate)

» Potential for contextualised benchmarks (e.g. Air-conditioned buildings)

| s gaHyimages

| |View Pictures

Activity type + Weather + Occupancy + ?
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Benchmarking context / background

Opportunities and challenges

Improve the Relevance of Benchmarking
* Rich data available (e.g. Display Energy Certificate)
» Potential for contextualised benchmarks (e.g. Air-conditioned buildings)

 Explore and adopt advanced methods to utilise large datasets

Fit Plot for Electricity__kWh_
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Benchmarking context / background

Opportunities and challenges

H. Bruhns et al. | Applied Energy 66 (2000 277-207

Challenges Offces Offces =
» Efforts concentrated on a small -
number of activity types T s

« Access to the private sector

. . Hotels and pubs :‘: ‘:'gc
« Explore innovative methods for -
gathering data | Hotetwpabe
Clubs
Education
Hospitals :
Sidelit Deep plan Sheds 25 s
= E a
Benchmarking L 5
[ ] percrmarins Lecure Floor area by activity and built form
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Moving benchmarking forward

The CIBSE Benchmarking Tool

 Digitisation of benchmarks RSl v | onsms | v | s | ocer | moncscoes [
. Easy access to a broader Edu:::l::m:l V ID::iIding'yp(‘ Primary school | Spatial Resolution * National | Fuel Type - Electricity | Sample size 9127 —
range of stakeholders o
- Platform for exploring T |
advanced and innovative I
techniques ——
* Relevant and reliable o V T e T R
energy benchmarks — |
=
* Avenue for providing
insights based on data from G uct
across public and private anadil

sectors
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https://www.cibse.org/knowledge/energy-

benchmarking-tool-beta-version
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Moving benchmarking forward

Using data to improve building operation

» Access to the latest patterns

Of e n e rgy use Building type - Primary School | Spatial Resolution - National | Fuel Type - EuiElec | Sample size - 9127

100%

» Use distribution curve for
wider application of empirical
data

75%

50%

Cumulative percentage

« Setting targets made easier

25%

« Get contextualised energy
benchmarks without expert . e ——— . 0
knowledge

Building Type - Good practice electricity Typical practice electricity Source

Primary School 35 43 DEC

E Benchmarking Lecture
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Moving benchmarking forward

Using data to improve building operation

An on-going and multi-phased project

» 1.1 Establishing the « 2.1 User engagement
framework « 2.2 Data crowd-sourcing /
« 1.2 Processing engine Gamification
& database

 Developing the tool

\ J \

E Benchmarking Lecture
Dr Sung Min Hong
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Moving benchmarking forward

Establishing the framework — Phase 1

Back-End (UCL)

Performance _
Data Processing

Engine
User Info

Data Sourcing/Management

Existing
Databases (e.g.
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Moving benchmarking forward

Establishing the framework

Back-End (UCL) Front-End (CIBSE)

Performance _
Data Processing

Engine
User Info

JOIN CIBSE

Become & CIBSE member and get onl
CIBSE's full ar

Data Sourcing/Management

Existing
Databases (e.g.
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Moving benchmarking forward

Improving relevance of comparisons

Built form
« Compact, exposed, tall, deep etc.

Age
* Newly built buildings only account for
small proportion of the stock

Building services
» Boller efficiency, lighting density etc.

46%
o Pre 1940
1 1940-1985
M 1985 onwards
E Benchmarking Lecture (Carbon Trust 2009)
Dr Sung Min Hong
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Moving benchmarking forward

Improving relevance of comparisons
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Moving benchmarking forward

Improving relevance of comparisons

Better classification Improved contextualisation

E Benchmarking Lecture
Dr Sung Min Hong
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Moving benchmarking forward

Improving relevance of comparisons

End-use benchmarks Sub-hourly benchmarks

0 6 12 1823 0 6 12 1823 0 6 12 18 23
e | | | | | | | | | | | 1 1 1 1 1 1 1 1 1 1
140.0 s Monday Tuesday Wednesday Thursday Friday Saturday Sunday
=
N = el i
E =
= 120.0 5 151 —= 1
g . § 10 T T T T T T T T T T T T T T T T T T T T T B
£ 100.0 = Catering [} 0 6 12 1823 0 6 12 1823 0 6 12 18 23 0 6 12 18 23
c . . .
0 w Vertical transport (Lifts) hour
=
o 80.0 = [CT & Small Power N value
E
5 o
g 60'0 T - nghtlng 1 1 1 ] G T s 1 LI ] B O (e 1 1 1 1 1 1 1
o
; 400 m Fans, pumps and controls g - L g 15 L g 15 N
S : = Refrigeration i 16 - L i 1 Iy i 14 -
| = £ = - -
g 200 - = Hot water B 1 T2 14 R E | L
—_ o = L o ! 1]
w = Space heating » & o 4 Tm 1 -
0.0 - 10 L
T T T | T o7 I R I T ) B R o B | T T T T T T T
A B C D E F G H | 0 6 12 18 23 JFMAMJ JASOND MonTueWedThu Fri SatSun
Schools hour month weekday

mean and 95% confidence interval in mean
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Moving benchmarking forward

Improving reliability of comparisons

) Chac tor pcatm

« Publish benchmarks based on —

Research Paper

research by UCL Characterising the English school  Soaus

stock using a unified national on-site =

survey and energy database :"Eﬁu'".:-:ﬁ::w
* Raw data aggregated and e nce, ot s @ "

Yair Schwartz, lvan Korolija ', Ann

analysed and kept securely 2 Do

Abstract

The recent commitment towards a net-zero args
. UK's building stock. Accounting for over |0% of t
. xamples S
. and secondary schools, using national on-site surv § M

Property Daa Survey Programme (PDSP) data on
Energy Certificate (DEC) and school census data |
2 unified schools damaset. Statistical analyses wery
and the relationship to several build

 Department for Education ST

* Ministry of Justice Se St Cue i

improving energy efficiency of the school stock.

Keywords
School stock, building characteristics, energy use,

« Scottish Futures Trust / e e e
NHS / SEON ""‘“‘::"Mi

shift in policics towards decarbonisation.' In ¢
United Kingdom, the government recently comm
ted to achicving net-zero carbon status by 205( i"”

E Benchmarking Lecture
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Moving benchmarking forward

Establishing the framework — Phase 2

Back-End (UCL) Front-End (CIBSE)

Performance _
Data Processing

Engine
User Info

JOIN CIBSE

Become & CIBSE member and get online access 10
CIBSE's full ar

Data Sourcing/Management

Existing
Databases (e.g.
DECS) agg DesignBuilder

SOFTWARE

EnergyPius
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Moving benchmarking forward

Interacting with users

Phase 1 — Digitalisation of Benchmarking

e User-based data for Back-end (UCL) Front-end (CIBSE)
1 Aim \
reaCh I ng «  Todigitise benchmarking by I
COmmerCIa| establishing a new framework :

. . Objectives
bu I Id I ngs * Develop a database and a processing I
engine |
+  Develop a user interface 1
d Increase Sample +  Test the concept and functions of the I
tool

sizes and coverage

» Up-to-date

Phase 2 — User Interaction

information
\!
' -

a. Designers/Engineers/FM b. Design Practices
Aim Aim
+  To explore and implement intelligent +  To enable industry experts access the

data gathering processes for providing tool/database for design purposes

reliable and relevant energy

benchmarks in the long-term Objectives

«  Develop an API

Objectives +  Liaise with DesignBuilder to test the
*  Develop a database to store user data concept

to incorporate and deal with new data

E Benchmarking Lecture *  Extend capability of processing engine
Dr Sung Min Hong +  Develop front-end capability
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Moving benchmarking forward

Interacting with users

* Create a link between the === = AP A
. . .. o] APls > management —
emplncal data and d|g|ta| Backend systems > system «— loT devices
engineering process =
_ _ https://www.redhat.com/en B Mobile
« Set/inform design targets '
&:-:a-u‘u;.—-—-—u Loyout - Ste. Bukding level O ground floor fast. Opem office =3 a",n

. 1 THS P UL R
 (Calibrate models based on

actual energy use data o R (e ——

Wiy

Building A

| wors
oy

F
- !-
|
d

Shlepreter 2um * o
Logend side Hes * l 04 [0 Don't show this dialog next time [ new [ cace [0k ]
v amece
i Oeshcolow 7} . :
E Benchmarking Lecture == : LN T o v 0 ﬁ Qe ot e

Dr Sung Min Hong
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Moving benchmarking forward

Interacting with users

Gamification for Data Sharing Research

| & n |

« Improve understanding on Achievement Unlocked!

opportunities and barriers

* Explore gamification concept
OVERACHIEVER

« Enhance data sharing across Vo eomnect 200 XP 1 oy
commercial sector through a
reward scheme

* Recognise individuals
P = BBUILDING
1= B|PERFORMANCE
O/AWARDS 2022

E Benchmarking Lecture
Dr Sung Min Hong
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CIBSE Benchmarking Tool

Latest updates — replacing/updating CIBSE Guide F

Table 20.1 Fossil and electric building benchmarks — continued

Building type Energy consumption ben
J(KW-hm™?) per yea

Good practice

Fossil fuels Electricity
Entertainment: (continued)
— social clubs 140 60
— bingo clubs 440 190
Education (further and highc‘:r)[H‘J: Building type - Primary School | Spatial Resolution - National | Fuel Type - EuiElec | Sample size - 9127 =
— catering, bar/restaurant 182 137 100%
— catering, fast food 438 200
—  lecture toom, arts 100 67
— lecture room, science 110 113
— library, air conditioned 173 292 75%
— library, naturally ventilated 115 46 %
— residential, halls of residence 240 85 E
— residential, self catering/flats 200 45 5
— science laboratory 110 155 ; 50%
Education (schools)*" %
— primary 113 22 E
— secondary 108 25 v 255%
— secondary (with swimming pool) 142 29
Hospitals'™:
— teaching and specialist 339 86
— acute and maternity 422 74 0%
— cottage 443 55 30 40 50 60 70
— long stay 401 48 Energy Use Intensity (kWh/m2/yr)
Hotels'®:
— holiday 260 80
—  luxury 300 90
— small 240 80
Industrial buildings!"/<Ilf:
— post-1995; <5000 m’ 96 —
—  post-1995; =5000 m?2 92 —
—  pre-1995; <5000 m? 107 —

— pre-1995; =5000 m?* 103 —
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CIBSE Benchmarking Tool

Latest updates — replacing/updating CIBSE Guide F

Education (higher)

Education (schools)

Entertainment / Theatres

Hospitals / General Acute Hospital, Teaching/Specialist Hospital

Local Authority Buildings / Community centre, Residential care homes

Offices / Central government offices, Local government office

Primary Health Care Buildings / Health Centres and Clinics ...

Public Buildings / Prisons, Library, Museum ...

Sports and Recreation / Swimming pool

E Benchmarking Lecture
Dr Sung Min Hong
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CIBSE Benchmarking Tool
Latest updates — domestic benchmarks

[

Select Benchmark

Domestic

--Building Type--

Detached House (gas-heated)
Detached House (elec-heated)
Semi-Detached House (gas-heated)
Semi-Detached House (elec-heated)
End Terrace House (gas-heated)
End Terrace House (elec-heated)
Mid Terrace House (gas-heated)

Mid Terrace House (elec-heated)
Bungalow (gas-heated)
Bungalow (elec-heated)
Flat (gas-heated)

Flat (elec-heated)

Benchmarking Lecture
Dr Sung Min Hong

Building type - Detached House (gas-heated) | Spatial Resolution — National | Fuel Type — EuiElec | Sample size ==

100%

75%

50%

Cumulative percentage

25%

0%

Building Type

- 101

10 20 30 40 50 60 70 80
Energy Use Intensity (kWh/m?2/yr)

4 Good practice electricity Typical practice electricity Source

Detached House (gas—heated) 24 35 BEIS
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CIBSE Benchmarking Tool
Get in touch with us

Please get in touch with me if:

* you have access to large datasets on energy performance of buildings
or know someone who might be interested in sharing their data
anonymously

* you are a part of an organisation (e.g. NHS, local authority) which
might be interested in a bit of research in exchange for data

* You are interested in participating in a research project on gamification

E Benchmarking Lecture
Dr Sung Min Hong
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Thank you

s.hong@ucl.ac.uk
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