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Energy Performance Certificate @ HM Government

[ ] ™ Non-Domestic Building
100 Any Street Certificate Reference Number:
Anytown 0000-0000-0000-0000-0000
Lichfield

This certificate shows the energy rating of this building. It indicates the energy efficiency of
the building fabric and the heating, ventilation, cooling and lighting systems. The rating is
compared to two benchmarks for this type of huildina: ane annranriate for new huiildinas and
one appropriate for existing buildings. There |
on the Government's website www.commun

Energy Performance Asset Rating

Energy Performance Certificate (EPC)

More energy efficient 17 Any Street, District, Any Town, BS 5XX
Dwelling type: Detached house Reference number: (0919-9628-8430-2785-5696
Date of assessment: 15 August 2011 Type of assessment: RESAP, exisling dwelling
200C0;  Date of 13 March 2012 Total floor area: 186 m*

« Created for comparative assessments LEE -
and benchmarking

|ﬁ HM Government

Estimated energy costs of dwelling for 3

Qver 3 years you could save

m . The Building Regulations 2010

» Major driver for energy modelling of Ry SR —

1 I I Main heating fuel:  Grid Supplied Electricity fuel and power
u I I n g S I n e Building environment: Air Conditioning
Total useful floor area (m?): 858
Building complexity (NOS level): 4

Building emission rate (kgCO/m?): 17.18 D : 3 , APPROVED DOCUMENT

L2A Conservation of fuel and power
in new buildings other than dwellings

« Compliance calculation results often
mistakenly interpreted as predictions of e

3 Draght proofing

500 paga 3 for & full st of recommencadons for this prop

energy use mee—e

may aliow you to maka your home warmar and cheape(

2013 edition incorporating 2016 amendments — for use in England*



Compliance Modelling

Annual consumption / (kWh/m2)

Part L model versus actual energy use
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Why Part L calculations are not
suitable for energy projections:
 Totals only report on fixed building services,

heating, hot water, cooling, ventilation,
lighting only.

 Calculations use standardised assumptions
and schedules (NCM based)

Using Part L calculations as the design
baseline can lead to a perception of an
Inflated performance gap

Source: CIBSE TM54 4
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Reasons why Part L calculations differ from operation energy use
(CIBSE TM54 / CarbonBuzz)

Building management and related training,

9 e i : Small power equipment including plug loads and
commissioning, controls and metering have a major

other electrical equipment are excluded from the

®

impact on how long and at what intensity services or \ / | compliance staae totals
equipment operate each day N P 9
- . . K/ﬁ\\ ICT including servers, telecoms, security, etc. can have
Occupant density beyond compliance assumptions , a major impact on energy use
. m | | can affect energy usage but can be difficult to estimate )
] ‘ or verify = 4
Operating hours beyond those assumed in compliance fﬁ\ ST S SO U SR T IR
I\ ) calculations, including intermittent occupancy, are not \ ) g‘;g' wltfsa;hen infiltration etc.) can increase or reduce
required to be considered for compliance gy

Part L calculations include heating, hot water, cooling,
ventilation and fixed lighting at set occupancy and
opening hours

Special functions are specialist activities that can
cause a major increase in energy consumption such as
lifts, swimming pools, medical equipment, etc

-
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Source: CIBSE TM54 5



CIBSE TM54

Evaluating operational energy  $& =
performance of buildings at

the design stage CIBSE
Iﬁi‘ TM54: 2013
Ly
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Guidance on performing predictive energy modelling
during the design stage

« Uses building specific model data and operational
parameters such as occupancy, schedules, lighting
power, and plug loads

« Results include unregulated energy end uses such
as plug loads, servers, security, external lighting, lifts
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Perceived Performance Gap

250

. ----------------- r------------------ LN N _ _§ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ] ‘
I I I I
200 | Actual gap: 1 i i
: Gap due to technical : : 1
S ' issues and post ] : ]
£ 1 £ 1 ' 1
£ 150 | occupancy factors ] I perceived Gap: !
= 4 !
= | Dueto use of :
> : incorrect baseline |1
S 100 I i

c
L I I
I I
I 1
50 : i
1
-—--_-..._--_-- L N N N | _L ------------ l

I
, I
Projected (Part L) Projected (CIBSE TM54) Actual (Oct'16-Sep'l7)
Case study school m Heat Demand* mAuxilary mLighting = Cooling Energy mEquipment** mServer mLifts

*Heat demand used instead of heating energy; **Equipment includes cooling and heating energy use of VRF
system in some zones

Source: Jain, N., Burman, E., Mumovic, D., Davies, M., & Tindale, A. (2018). Comparative analysis of protocols used in measurement
and verification of energy performance: Dealing with practical issues of data availability and granularity in a UK school building. 7
Cambridge, UK: 4th IBPSA-England conference Building Simulation and Optimization (BSO) 2018.
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CIBSE TM54

= Primary recommendations of CIBSE TM54 are:

Evaluating operational energy 6\ =
performance of buildings at

he desi CIBSE :
ihsieee “ag |  Better calculations
M-Sl — Use Dynamic Simulation Models (like DesignBuilder)

— Source complete and accurate data for operational
parameters.

« Better presentation and explanations

— Explore multiple scenarios by determining high and low
estimates for inputs

— Undertake sensitivity analysis

— Compare results against existing benchmarks

! 1_|1mm,muuum\|ll!}%!,!_
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COMPLIANCE

Modelling 5

Overview of the compliance model

Repurposing in accordance with TM54

PERFORMANCE

Calculation results
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TM54 modelling prerequisites

Full dynamic thermal simulation software, e.g.

Evaluating operational energy %’\ = o
performance of buildings at . .
the design stage CIBSE DESIgn BUI|deI‘ SOftwal‘e

TM54: 2013

Information from stakeholders about likely operations
and management regimes

il

List of probable high and low energy use changes for
scenarios and sensitivity analysis

|dentifled benchmarks for relevant building type

T

s 2558 1o )

l\l\ﬂ! ganneaiedll

10



Acquire information about the building and prospective use

Step 1:

Establish floor areas

Step 2: Establish operating
hours and occupancy factors

Calculations

» g Desig

within the DSM

Step 11:
Space heating,
cooling, fans
and pumps

Step 12:
Humidification
and

TM54 Methodology

Calculations outside a DSM Inputs
- into DSM
Step 3: Step 4: Lifts
Lighting and escalators
Step 5: Step 6: \
Small power Catering Step
10: \
Step 7: Step 8: Other || | Internal /
Server rooms | | equipment heat
gains |
Step 9: Domestic hot water /

dehumidification

Step 13: Estimating management factors

Using the results

Step 14:
Running scenarios

Step 15:
Sensitivity analysis

Step 16: Review
against benchmarks

Step 17: Presenting the results

Source: CIBSE TM54
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My TM54 Checklist
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Location (weather) data
Operating hours and occupancy
Lighting (load and operation)

Small power (load and operation)

Lifts, escalators & other equipment
(load and operation)

Server (load and operation)

Heating and cooling system operation
Fan power and operations

Hot water consumption

Detail HVAC system design (optional)

O O O

Overall management quality
HVAC system efficiency

Control inefficiency in HVAC system
(e.g. heating when windows open)

Hours of operation
Loads (occupancy and equipment)
Future weather data

OO 0O O

H

CIBSE Guide F: Energy Efficiency in
Buildings

CIBSE TM46: Energy Benchmarks
Other building specific guides

SOFTWARE
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My TM54 Checklist

[0 Location (weather) data E

O Operating hours and occupancy
Lighting (load and operation)

Small power (load and operation)

Lifts, escalators & other equipment
(load and operation)

Server (load and operation)

Heating and cooling system operation
Fan power and operations

Hot water consumption

Detail HVAC system design (optional)
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My TM54 Checklist

@/ Location (weather) data
[1 Lighting (load and operation)
Small power (load and operation)

Lifts, escalators & other equipment
(load and operation)

]
]
1 Server (load and operation)

[1 Heating and cooling system operation
]

H

]

)
=
o)

N

S
O
<t
O
=
|_

Fan power and operations
Hot water consumption
Detail HVAC system design (optional)

14
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Actual load profiles from student accommodation

NCM Schedules for University Bedroom
(majority area)

NCM vs Actual

(o] (o] < (o] o — (o] [(e} < (o] o
S o o o S S o o

0€:€T 0€:€T

0€:e 0€:2e

0€:1¢ 0€:TC

0€:0¢ 0€:0¢

0€:6T 0€:6T

0€:8T 0€:8T

0€:LT 0€:LT

0891 0€:9T

0£:sT 0€:5T
S

OgYT 0E:¥T

oEr S 0E:€T
hs]

0geT  H 0€:CT
5]
x

0ETT g 0E:TT
9]

0€0T T 0€:0T
+—

. (%} .
0€:60 g 0€:60
0£:80 = 0£:80
0€:20 0€:£0
0€:90 0€:90
0€:50 0€:50
0€:%0 0€:t0
0€:€0 0€£:€0
0€:20 0€:20
0€:T0 0€£:T0
0€:00 0€:00

o (g\] 0 < o < O U N 0 < O
— i o o i i
(M) peoto11d9|3 (M) peoto11d9|3
00:€¢ 00:€¢
0€:1¢ 0€:1¢
00:0¢ 00:0¢
0€:8T 0€:8T
00:L1 00:£T
05T W 0€:ST
00:vT 3 00:¥T
(1374 S 0€:2T
00Tt 2 00:TT
0€60 S 0€:60
| e—
0080 5 00:80
og90 0€:90
00:50 00:50
0€:€0 0€:€0
00:20 00:20
0€:00 0€:00
— (o] (Vo] < o o — [oe] (Vo] < (o] o
S o S o S S o o
00:€¢ 00:€¢
0€:1¢ 0€:1¢
00:0¢ 00:0¢
0€:8T 0€:8T
00:£1 00:£T
osisT 2 0€:5T
00T M 00T
(0] 374 S 0€:TT
00:TT > 00:TT
0£:60 W 0£:60
0080 3 00:80
0€90 & 0€:90
00:S0 00:50
0€:€0 0€:€0
00:¢0 00:20
0€:00 0€:00
- e ¥ a4 © n © wm O v o
o o o o o~ o~ — —

15

Source: https://platform.carbonculture.net

UCL Student Residence 2 (2017)

Equipment Schedule

Heating Schedule
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My TM54 Checklist

Location (weather) data
d Operating hours and occupancy
O Lighting (load and operation)
O Small power (load and operation)

(L1 Lifts, escalators & other equipment
! (load and operation)

'] Server (load and operation)

'] Heating and cooling system operation
'[1 Fan power and operations

‘[0 Hot water consumption

[1 Detail HVAC system design (optional)
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My TM54 Checklist

@/ Location (weather) data

d Operating hours and occupancy
d Lighting (load and operation)

‘% Small power (load and operation)
W Lifts, escalators & other equipment

(load and operation)

d Server (load and operation)

@/ Heating and cooling system operation
Fan power and operations

W Hot water consumption

I
______________________ J
17
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Detailed HVAC
system design
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[

Source: DesignBuilder Software 18
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My TM54 Checklist

@/ Location (weather) data

d Operating hours and occupancy
d Lighting (load and operation)

d Small power (load and operation)
W Lifts, escalators & other equipment

(load and operation)

4{ Server (load and operation)

@/ Heating and cooling system operation
Fan power and operations

W Hot water consumption

E—Detail HVAC systerm-design-{optional

19
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Projected energy use, Part L vs TM54

160 _ _
® Heating m Auxilary

140 = Lighting Hot Water
m Equipment

120

100

80

60

Energy (kWh/m2)

40

20

0
Projected (Part L) Projected (CIBSE TM54)

Demonstration Model

20



sy DesignBuilder

SOFTWARE

My TM54 Checklist

Overall management quality
HVAC system efficiency

Control inefficiency in HVAC system
(e.g. heating when windows open)

Hours of operation
Loads (occupancy and equipment)
Future weather data

O O O

o
—
=
S=

o

C

D
(@p)
S~
O

| -

©

c

D

(&)
(0p)

O O O
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Asset (designer

influence)

Management
(operator influence)

| Total energy use (kW-h/m?2) |

+

Other end users

4

Both
Lighting (kW-h/mZ] Cooling (kK\W-h/mZ)
Low-end Mid-range High-end Low-end Mid-range High-end
3712 52.51 74.42 30.94 34.34 37.30
Assumptions Assumptions
Scenario Low-end Mid-range High-end Scenario Low-end Mid-range High-end
Fully functional Partially Mon-functional Excellent Average Poor
controls, functional controls, management, | management, | management,
excellent controls, poor no weekend weekend extended
managament average managemeant operation operation hours
and no management | and extended and low and average | of operation
weekend and weekend hours of internal internal and high
operation operation operation gains gains internal gains
Total installed Chiller cooling
power (kW) 366 366 366 capacity (kW) 1450 1450 1450
Constant
illuminance factor 10 1.0 10 - 3.3 33 3.3
Occupancy Lighting gains
dependency factor 0.90 0.95 1.00 (W/ma) 0.0 0.0 0.0
Daylight Small power gains
dependency factor 0.90 0.95 1.00 W/ma) 13.5 15.0 17.0
Daylight time Small power gains
usage (h} 2620 3504 4348 {out-of-hours) (W/m?) 13 2.3 >0
Mon-daylight time Fan coil unit gains
usage (h) 500 500 750 (W/ma) 6.8 6.8 6.8
Parasitic control Servers gains
energy (kW-h/m?) 5.00 5.00 5.00 (W/room) 1500 1500 1500
Parasitic emergency Occupant gains
enargy (KW-h/m?) 1.00 1.00 1.00 (m?2 per parson)] 6.0 6.0 6.0
Management Ocoupancy
factor 1.00 1.05 1.10 hours 3120 4004 5096
Management
e 1.00 1.05 1.10

Annual electricity consumption / (kW-h/m?)

450
400
350
300
250
200
150
100

Ln
=]
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Table for
scenarios

e e e e e e oy em e == e
I Waorst = Waorst
case = case |
60
L——.———%————-._J
= 50
Highend| 5
£ 40 -
Likely g- High end
=5
£ 30
Low end S Likely
g 20 |
I Low end
= 10
=
0
Electricity Gas

Source: CIBSE TM54 22
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Scenario analysis of the demonstration model

Category Low Medium High

Occupancy number 1 2 3

Occupancy hours 8-10 12-14 16-18 50

Heating EER 3.5 3.5 2.5 250 e o 5 Worst Case !
Heating set-point (°C) 20 22 24 T
Lighting load (W) 800 1200 2500 g PE— S higen |
Lighting operating hrs 6-8 6-10 10-12 g, 150 e ,
Equipment Load (W) 2500 3200 6000 5 D L
Equipment operating hrs 6-8 6-10 10-12 P s <o o LoweEnd
Parasitic Load (W) 1500 2000 4000 50

Weather (2020/2050 CIBSE Low Medium High

future emission scenarios) ° Projected (CIBSE TM54)

23
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Scenario analysis of the demonstration model

o
Category Low Medium High ~
Occupancy number 1 2 3 60
Occupancy hours 8-10 12-14 16-18 .
Heating EER 3.5 3.5 2.5
Heating set-point (°C) 20 22 24 40 i )
Lighting load (W) 800 1200 2500 §
Lighting operating hrs 6-8 6-10 10-12 230
Equipment Load (W) 2500 3200 6000 5 [
Equipment operating hrs 6-8 6-10 10-12 "
Parasitic Load (W) 1500 2000 4000 10
Weather (2020/2050 CIBSE Low Medium High
future emission scenarios) 0 Heating Auxilary Lighting HotWater  Equipment

24



300

Annual consumption (kW-h/m2)

250

200

150

100

50

" | Servers
I Other

Office
]

equipment

Lighting

Fans, pumps,
controls

Cooling

Heating
. and hot
water (gas)
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Sensitivity
Analysis

Source: CIBSE TM54 25
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Uncertainty Analysis - Distribution of Heating (kWh) Sensitivity Analysis - Distribution of Heating (kwh)
60 -] =
- [ — =
06
T L
o -
@
£ 04 _
2 5 0.32 (p=0.00)
§ 0
o 0.2~
§ r 0.10 (p=000) 0.10 (p=000)
Summary Stats: 2 -
N 500 9 0
Mean: 3015 = ~
St Dev. 1149 ° =
Min: 1484 H -
Q1. 3053 s 0.2
Median: 36874 2 B
03 4827 ] [
Max. 7206 & 0.4 1
-~ <0.40 (=0 00)

Glazing type —

Infiltration {ac/h) (ac/h)
Flat roof construction
External wall construction

|3z
-T7296
7296

4243 - 4548
4548 - 4853
5159 - 5464
5769 - 6075
6075 - 6380
6380 - 6585
6685 - 6291

= w o
=} =] -
@ . =+
= o &~
3 o w

o o
= & =
- - o

3326 -
6991

Heating setpoint temperature ("C) -
Equipment power density (W/m2)

Heating (Electnc) (KWh)

Uncertainty Analysis Sensitivity Analysis

Source: https://designbuilder.co.uk/ 26
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Sensitivity Results

Fabric Infiltration

Small power equipment load density

Load requirement of pumps and vents

Lighting equipment load density

Windows and vents thermal performance

Occupancy density
Thermal performance of roof

Thermal performance of wall

Decreasing order of importance

08—

0

3 B
pn 0.2

04
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Sensitivity Analysis Result for CO2 (kg)
Building 1
L 067 (p=0.00)
r 0.61 (p=0.00) Adj.R Sq.=0.97
0.28 (p=0.00)
0.20 (p=0.00)
0.12 (p=0.00)
0.03 (p=0.02) 0.02 (p=0.15) 0.02 (p=0.21
= — —_—
20,03 (p=0.03)
007 (=0.00) -
= 2 2 2 - T o g c 2
g = < = 3 £ £ g s %
3 2 3 2 g a 8 g 3 &
< [ 8 z g H o = g £
5 2 G 3 3 @ 2 3
5 g 5 2 £ z 3
H H E 3 g
; 2 H 3
g g 2 8 2 g i
£ z e
g 2 38
g °
c
o
)
Source: https://designbuilder.co.uk/ 27
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My TM54 Checklist

[1 CIBSE Guide F: Energy Eff. in Bldgs.
[1 CIBSE TM46: Energy Benchmarks

[1 Energy Eff. Best Practice Programme
(ECON Series)

2
| -
©
&
<=
O
c
O
a8
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Benchmarking of the demonstration model

Energy (kWh/m2)

300

250

200

150

100

50

———————— <
_<
———————— <

Projected (CIBSE TM54)

sy DesignBuilder

_ CIBSE GUIDE F — Good
! practice benchmark

1 __High-End
=== ' """" 1
i Mid-Range
| E 1
4 Low-End !

SOFTWARE
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Conclusion

Compliance models and performance
models serve different purposes

Repurposing compliance model as per
TM54 requires changes to NCM defaults

COMPLIANCE
* Scenario and sensitivity analysis can
provide information for more informed
decisions
« Comparing against the benchmark data

contextualises the building performance

PERFORMANCE

30
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