Energy Data

Gathering and Applying
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Energy Meters

4.38 Reasonable provision for energy meters would be install energy
metering systems that enable:

a. at least 90% of the estimated annual energy consumption of each fuel
to be assigned to the various end-use categories (heating, lighting etc.).
Detailed guidance on how this can be achieved is given in CIBSE TM39;
and

b. the output of any renewable energy system to be separately monitored,;
and

c. in buildings with a total useful floor area greater than 1000m?, automatic
meter reading and data collection facilities.

4.39 The metering provisions should be designed such as to facilitate the
benchmarking of energy performance as set out in TM46.



Approved Document L2B
Energy Meters

4.33 The aim for buildings as a whole is to enable building occupiers to

assign at least 90 per cent of the estimated annual energy consumption of
each fuel to the various end-use categories (heating, lighting, etc.).

4.34 Reasonable provision for energy meters in existing buildings would be
to install energy metering systems in the building services systems provided
as part of the works in accordance with the recommendations in CIBSE
TM39.



Approved Document L2B
Energy MeterS (cont’d)

4.35 In addition to this:
a. meters should be provided to enable the performance of any renewable
energy system provided as part of the works to be separately monitored,;

b. in buildings with a total useful floor area greater than 1000m?, the
metering system should enable automatic meter reading and data collection;

c. the metering provisions should be designed such as to facilitate the
benchmarking of energy performance as set out in TM46.



Energy Certificates

Display Energy Certificates
(+Advisory Reports)
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Energy “Meters”

. Direct — most electricity, gas, oil and water meters. Usually highly
accurate but beware inferential meters e.g. those that measure
pressure or velocity to “measure” volume

. Indirect — e.g. using a meter on a cold feed and applying a
recorded temperature difference to estimate DHW cons.

. Hours run — only applicable for euipment that operates at a
constant known load

. By difference — usually two direct meters used to estimate a third
end use in effect creating a “virtual” meter



Energy consumption data — monthly profile

300,000 kWh for LL - Mains Electricity, between 01-01-2009 and 31-12-2009
9 MUY
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aM & T data — daily profile

12.000 kWh for LL - Mains Electricity, between 01-10-2009 and 31-10-2009 '
| | SNUV
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aM & T data — half-hourly profile

kWh for LL - Mains Electricity, between 21-10-2009 and 21-10-2009 I

Half Hours

(9.907 10,002 |




Meter Schedule

The metering schedule below has been developed using Steps 1 to 6, based on the example building. The
final schedule is presented in a format that can be incorporated into the building logbook.

Electricity 684,000 kKWhiyr
Gas 531,000 KWh/yr
i = Vear Source: General Information Leaflet 65
From____ (date) To__  (date)
Ingeming | Main | Estimated | Metsr | End-uselareaisystem/ | Measurement Estimatsd Listof physical Location Metered Main end-use Incoming . )
energy end-use | enduse [ nof | cirouit or temancy melhod and consumption | meters Metenng energy use In new
ansumplion | code | o be messured caloulation through each KWhiyr KWh/yr KWh/yr . s
e e non-domestic buildings
Incoming | 634 000 B, Bectricity meter EM,
Lighting | 1280 000 EM, | Open pian lighting Direetly metered 157 000 | Ekectricity meter EM, | Main disth. room
BN, | Atrium lighting Directly metered 8 000 | Elctricity meter EM. | Main disth. room
BN, | External and car park | Direetly metered n/a | Electricity meter EMy | Est sub raom
EM, | Extemal lighting Est. by difference 6 000
EM; | Car park lighting Directly metered 9 000 | Elctricity meter EM; | Main disth. room
Fars 162 000 BM, | FansAHU1 & 2 Indirect thours rurl &7 000 | Hours run 1 Plant rocm 2
EM,, | FansAHU 3& 4 Indirect fhaws ruj 75 000 | Hours un 2 Plant rocm 3
Pumps | 27 000 B, | Pumps Direetly metered 27 000 | Ekeetrivity meter EM, | Boilerhouse
Off. Egpt | 112 500 B, | Office equipment Estimated (CIBSE) 112 500
Cocling | 20000 EM, | Cocling screw chilers) | Directly mefered 90 000 | Electricity meter EM | Chiller room
Cmptr 76 500 M, | Computer room Directly metered 76 500 | Bectricity meter EM,,) Comp. vent. room
843 000
% metered 648/834 = 95t
GAS
Incoming | 531 000 GM,
Space GM, | Space heating Direetly metered 427 500 Boilerhouse
DHW GM; | DHW Est. from hiw consumptio 72 000 | Cold vexer meter Boilerhouse
Catering GM, | Gas catering Est. by differance 31 500 | Gas meter GM, Kitchen
Total gas metered 531000
% metered 531/531 = 100%




Meter Strategy (or meter tree)

The metering strategy below is the main objective of the method and has been developed using Steps 1 to &
based on the example building. The final strategy shows how an end use breakdown can be achieved and is
presented in a format that can be incorporated into the building logbook.

= Directly metered
= Estimated
EM = Electricity meter

ELECTRICITY GM = Gas meter
Incoming meter
EM, ——— LIGHTING ——~ Open plan EM, —— Directly metered
180 000 KWhiyr 157 000 KWhsyr
684 000 KWhiyr
A . et - Atdum _________ fppq — Directly metered
(648 000, 95% mefered) 5000 KWy s
|- External and car park .| EM, EM; - External lighting by difference
15 000 KWhiyr 6000 KWhiyr EMg = EM; - EM;
EM; - Car-park lighting - directly metered
9000 KWh/yr
|- FANS ___ FansAHU1and2 __ EM, ———— Indirect
162 000 KWhiyr 87 000 kWhiyr EM = 15kW x hrs run x load factor
L Fans AHU 3and 4 __| EM,,———— Indirect
75 000 kWhyr EM,; = 13KW x hrs run % load factor
|- PUMPS EM, Directly metered
27 000 KWhdyr
|- OFFICE EQUIPM| EM, Estimated using CIBSE guide
112 500 KWhiyr
| coOLING EM, Directly metered
90 000 KWhdyr
| COMPUTER ROOM EM,, Directly meterad
76 500 KWhiyr
| OTHER ELECTRICAL Not metered
GAS AND CATERING
Incoming meter 36 000 KWhAyr
GM, ————— SPACE HEATING GM, Directly metered
427 500 KWhiyr
531 000 kWhiyr
(531 000, 100% metersd) |~ PHW GM, Estimated

72 000 KWhiyr

GMj = hot water (litres/yr) x_temp. diff. x Cp
75% x 3600

| GATERING am, Estimated
31 500 KWhiyr

;- GM,

Source: General Information Leaflet 65

Metering energy use in new
non-domestic buildings



Monitoring and Targeting

“You can’t manage
what you can't
measure”




Components of a Monitoring
and Targeting System

—

Analysis, action
nd reporting

T

IP switchigateway sarvar
Data Collection and communication

Utility meters Sub meters

= |
O o D
Elactricity
Electricity Gas submeter Heatmeter submetar

Source: Carbon Trust Green Gauges



Cardiff Metropolitan University Case Study

Cardiff Metropolitan University provides education and training opportunities

A

CARBON
TRUST

for more than 10,000 students over 4 campuses employing almost 1,000 staff.

Through the introduction of a five-year strategic plan to reduce energy and water

consumption the University is on track to achieve savings of £1m.

Metering, Monitoring & Targeting The Business Case

With an annual utility budget rising to £2.1m

in 2008, effective energy management had
become a key priority for the University. That
year, the University implemented a 5-year plan
to reduce energy and water consumption from
improved housekeeping — not only in response
to rising energy costs but also to meet the
Welsh Govemment target for public sector
bodies to reduce CO; emissions by 3% per
annum.

Savings of

£1m

in five years

66

The automatic monitoring and
targeting system that we've installed
has enabled a more holistic approach
which has delivered worthwhile
reductions in utility consumption
across all of our buildings. Having
studied our results, | cannot think of
a more cost effective way of reducing
our utility bills and CO, emissions.

)

Paul Manley, Energy Manage
Cardiff Metrop

CTS314 Metering, Monitoring & Targeting

The 5 year strategy and implementation plan
was developed in conjunction with Carbon Trust
Wiales to maximise the return on investment of -
£330k of ring-fenced funding from the Higher
Education Funding Council for Wales (HEFCW/
in automatic monitoring and targeting laM&T) v
technology.

Carbon Trust Wales energy efficiency surveys
confirmed that the University’s approach

had been successful as many buildings were
dentified as operating at or better than ‘best
practice’ benchmarks.

Savings at a glance

Savings of £1m in five years

» Simple payback in less than 4 years

15-20% saving across all utilities by year 4

At the end of Year 3 the following
reductions in usage have been achieved:

» 12% Electricity

» 5% Gas

» 18% Water




CMU CO, Emissions

CO, Emissions (tonnes)
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Source: CMU billing data, constant CO, conversion factors applied throughout



Carbon Management Strategic
Objective

“To develop a robust management system that
can engage with all stakeholders by utilising the
energy monitoring & reporting infrastructure to
continually improve carbon reduction
performance against targets”
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Data Acquisition
Visualisation
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5 Year Plan utilisingM & T
Methodology

 Year 1 - rollout period

* Years 2-5 - support to “Building Users” to help them meet
their reduction targets

* Monthly Reports to “Building Users”
« Quarterly Reports to Management

* Annual Summary Report



Reduction Targets

* Year 1 (2008 - 2009) — 0%

* Years 2-5 (2009 - 2013) — 3% pa
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Case Study - NIAC

UK Athletics Talent
Development Academy

200m banked track,
140m straight and
various field event
areas

Also has weight
training, physiotherapy,
massage and sports
science facilities
Seating capacity for
690 spectators



Case Study - NIAC

2.000.00 kWh for NIAC Mains Elec, between 01-05-2007 and 31-05-2007
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Case Study - NIAC

kWh for NIAC Mains Elec, between 01-05-2007 and 31-05-2007

Profile illustrates variability
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Case Study - NIAC

kWh
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Case Study - NIAC

kWh

70.00

kWh for NIAC Mains Elec, between 04-06-2007 and 04-06-2007
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low daytime Variability

jump from 03:30hrs
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Case Study - NIAC

kWh

20.00

kWh for NIAC Mains Elec, between 26-06-2007 and 26-06-2007

Hours

(1.188.00 OEEE 1183 W )




Case Study - NIAC

7600 kWh for NIAC Mains Elec, between 26-06-2007 and 26-06-2007
U
60.00 4
50.00
= il -
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* 30,00 - cons profile reduced but low
' P being left on and flue fan failed
03:30hrs demand — due to L .
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Case Study - NIAC

kWh for C - NIAC Mains Electricity, between 05-11-2009 and 05-11-2009 i

Half Hours

(1.153 1,153 Wl )




Case Study - NIAC

kWh for C - NIAC Mains Electricity, between 05-11-2009 and 05-11-2009 i

70

60 cons profile now indicates benefit of
lighting controls
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Half Hours
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Case Study — Llandaff Water Leak

Water Consumption of the Mains and Sub-meters at
Llandaff on 26/05/2009
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Case Study — Llandaff Water Leak

4
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Case Study — Llandaff Water Leak
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Case Study — Llandaff Water Leak
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Case Study — Llandaff Water Leak

3,000 m3 for LL - Mains Water, between 01-01-2009 and 31-12-2009 |

2,500

2,000

1,500

m3

1,000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

(16,832 16,833 I |




Further Case Studies



—06/12/2013
07/12/2013
08/12/2013

—(1/12/2013
—(12/12{2013
—()3/12/2013
—(4/12/2013
—()5/12/2013

90
80
70
60
50 -
40
30
20
10

Case Study — Cardiff Bay Controls Issue
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Degree Days

Normalised Performance
Indicators



Q.

Solar Qaind
Q
internal gains H
f—:ih}:s,; p;ople Q.
o Heat flow
into and out
of structure

QE OL
Output from Heat losses

heating system

Figure 1.3 Energy balance on a heated building




Degree Days

Calculated as the difference between
base temperature and the mean dry-bulb
temperature for that day

Degree days = t, .- 1/2(t, Ftmin)



Figure 2 Degree day regions and reference sites ()
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Historical UK Degree Days Data

2009 (15.5 degrees centigrade base):

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

London South Souther South Severn | Midland West North Borders North East East West East Narth Wales Norther | Nerth

(Thames | Eastern n Western | Valley Pennine | Western Eastern | Pennine | Anglia | Scotlan | Scotlan East nireland | West

Valley) ] s d d Sco;hn Sc:;la
Jan | 360 381 384 303 357 378 376 413 355 374 378 411 364 | 378 362 343 348 | 311
Feb | 292 306 318 272 301 304 319 354 289 307 315 323 323 | 306 | 321 296 279 | 279
Mar | 232 259 260 232 235 270 267 287 286 279 268 274 | 291 295 | 304 263 278 | 302
Apr 125 150 175 173 170 172 184 196 219 198 171 153 197 | 203 | 218 194 183 | 203
May 76 92 105 114 117 128 140 150 145 134 113 108 178 | 166 174 143 136 | 169
Jun 35 48 46 51 47 73 79 85 86 83 63 69 75 101 110 72 71 109
Jul 15 23 9 16 20 37 39 36 37 42 25 30 38 47 48 37 36 55
Aug 13 20 6 18 16 30 33 43 35 32 24 24 40 47 42 35 37 58
Sep 30 42 56 46 77 67 86 74 73 77 50 55 76 82 38 68 77 85
Oct
Nov
Dec
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Degree Days/Tonnes CO2
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Consumption v. degree-days
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Worked Example



Energy performance lines

Can be used to indicate the effectiveness of heating controls

Monthly gas consumption {kWh)
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Other examples of normalising
factors

* Production output
* Floor area of a building

* Occupancy hours
¢ ?

¢ ?



Energy Benchmarking



http://www.info4education.co.uk/CIS/DocServer.aspx?cn=University%20of%20Wales%20Institute&ui=&pe=3&pc=CIBSE&sl=False&lk=%2ftempimg%2f3DA9EBB-CIS888614800287496.pdf&an=287496&NigArgs=&AuthCode=3DA9EBB

Energy Benchmarking

Source: General Information Leaflet 65
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Metering energy use in new
non-domestic buildings
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Good Actual Typical
Practice

Figure 5 This chart shows fow the bullding operator might use the information from
the meters b compare the actual operation with pablished benchmnarks



Useful references - Metering

 CIBSE TM39:2006
Building Energy Metering

* Energy Efficiency Best Practice Programme
General Information Leaflet 65

Metering Energy Use in New Non-domestic
Buildings



Useful references - Analysis

 CIBSE TM46:2008
Energy Benchmarks

« CIBSE TM41:2006
Degree-days: theory and application

e Carbon Trust CTGO004

Degree-days for energy management — a
practical introduction

 CIBSE Guide F
Energy Efficiency in Buildings



