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Computer Modelling — Design or Energy Simulation
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First Law of Thermodynamics

The first law of thermodynamics is the application of the conservation
of energy principle to heat and thermodynamic processes:

The change in internal energy of a system is equal to
the heat added to the system minus the work done by

the system.
Change in Heat added Work done
internal fo the system by the system

energy
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Energy Balance for a Heated Building

Qs

Solar gain

O

Internal gains
(lights, people
machines)

Qe

Output from
heating system
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Qc

Heat flow

into and out
of structure

o #
Heat losses
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The Early Days — Faber Computer Operatlons

Scamp/Fase 1980

1,0»

”/ “Solar Simulation 1984
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Cost / Benefit Analysis Used to Determine Target
Concurrent Notional Recipe Approach

Actual U-valuesand __,
efficiencies

Actual size, shape,
orientation, uses,
weather and system ——»
types but....
....notional U-values

and efficiencies Notional Building
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Impact of HVAC selection on EPC Rating
« 2100m?2 office building

e Two models:
1. Radiator heated only
2. Fan Coil Units

 Both models ‘just-comply’ with
Building Regulations Part L2006

&
60 70
50 - 60
S 40 o >0
) = 40
% 30 m Radiators g m Radiators
S mFCU Q 30 1 mFCU
220 - u
20
10 T 10 _
0 - 0 -

EPC
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Operational Ratings for Typical Buildings when run with NCM Templates
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Hotel Deep-plan Office Shallow-plan Office Shallow-plan Office  Primary School Supermarket Warehouse
(AC) (AC) (NV)

B Asset Rating B Operational Rating

7/11/13



GREEN

Improving DTM Software CotRe A-COM

Building Energy Loading

Building Energy Requirement (kWh/m?/an)

25.0

KWh/m2/an
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_______________________________________________________________________________________________________

= Dry-bulb temperature: (05-02-15 rolls cecm prop base .aps) = Rooms heating load: (05-02-15 rolls cecm prop base.aps) i
1

1
i =— Rooms cooling load: (05-08-15 rolls cecm prop base. aps) ===hlech went heating load: (05-08-15 ralls cecm prop base. aps) |
| |
1

=== hiach wvent cooling load: (05-08-15 ralls cecm prop base.aps)
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SBEM Main Calculation Output

SBEM Main Calculation Output Document oz

Mon Oct 21 14:13:07 2013

Building name

vd.1ebd

Test Example Case for Project

SBEM is an energy calculation tool for the purpose of assessing and demonstrating compliance with Building
Regulations (Part L for England and Wales, Section 6 for Scotland, Part F for Northern Ireland. Part L for Republic of
Ireland and Building Bye-laws Jersey Part 11) and to produce Energy Performance Certificates and Building Energy
Ratings. Although the data produced by the tool may be of use in the design process, SEEM is not intended as a

building design tool.

Building Energy Performance and CO2 emissions

Elec
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{Pie chartincluding Equipment end-use)
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2 kgC0O2/m2 displaced by the use of renewable sources.

Building area is 18766.4 m2
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BRUKL Output Document
BRUKL Output Document

HM Government

Compliance with England and Wales Building Regulations Part L 2010

Criterion 1: The calculated CO, emission rate for the building should not exceed the target

The building does not comply with England and Wales Building Regulations Part L 2010

1.1 | CC. emission rate from the notional building, kgCOWm?.annum 271

1.2 | Target CO. emission rate (TER), kgCOWJ/me_ annum 271

1.3 | Building CC. emission rate (BER), kgCOuimy’ . annum M3

1.4 | Are emissions from the building less than or equal to the target? BER = TER

1.5 | Are as built details the same as used in the BER calculations? Separate submission

Criterion 2: The performance of the building fabric and the building services should

achieve reasonable overall standards of energy efficiency

2.4 Building fabric

Element Ustmit | Uscare | Ukcare | Surface where the maximum value occurs®
Wall™ 035 (02 02 GFBMODDD_W2_-1

Floor 025 |014 (022 |[1VD_DOD1_F_5

Roof 025 |0.22 |022 | GFRCOODO_C 5

Windows**, roof windows, and rooflights | 2.2 o113 GFRTO000_W3-W0

Personnel doors 22 - - "Mo extemal personnel doors”
Vehicle access & similar large doors 15 - - "Mo extemal vehicle access doors”
High usage enfrance doors 35 - - "Mo extemal high usage entrance doors”

stimt = Limiting area-weighted average U-values W {m )]
Usicwe = Calculated area-weighted average U-values [WI[mK]]

Uicee = Caleulated maximum individual element U-values [Wi{m k)]

* Thers might be mare than one surface where the maximum U-value occurs.
** Automatic U-value check by the tool does not apply to curtain walls whose Bmiting standard is similar to that for windows.
*** Display windows and similar glazing are excluded from the U-value chech.
M.B.: Neither roof ventlators (inc. smoke wents) nor swimming pool basins are modelled or checked against the limiting standards by the fool.

Air Permeability

Worst acceptable standard

This building

mef{h.me) at 50 Pa

10

10
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Four Key Areas That Can Be Improved

Climate data
Occupancy and internal heat gains
System performance

Thermal properties of building materials

12

7/11/13



- GREEN

BUILDING
) COUNCIL A :COM

Improving DTM Software

Changes in Average Temperatures from 1961 to 2006

X B Annual
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Mean UK Winter (January and February) Temperatures from 1910 - 2010
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UK Weather Statistic for 2010 With Coldest December

Provisional
2010

UK
England
Wales
Scotland

Morthern
Ireland

Mean temperature (deg

C)

Actual | Difference from Actual

normal (71-00) (hours)
8.0 -0.6 1477.2
g.8 -0.6 15738.7
8.2 -0.7 1612.6
6.5 -0.7 1277.3
g.0 -0.7 1442.5

Provisional

15

Dec 2010

Uk
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MNorthern
Ireland

Sunshine duration

Fercentage of
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(%)
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E.ll

Fercentage of
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Reduction in Heating Demand from Weather over 45 Years
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Increase in Cooling Demand from Weather over 45 Years
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Average Temperatures in the South West
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CIBSE Design Summer Year Data
17:0
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160 :
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Highest and Lowest Temperature Changes by 2080

Variable Mean Mean Mean daily | Mean daily Mean daily | Mean daily
temperature, | temperature, | maximum maximum minimum minimum
winter summer temperature, | temperature, | temperature, | temperature,

winter summer winter summer

Probabilitylevel | | | | | | | | L]

High I 22 38 58 29 53 84 16 34 6.1 3.0 68 11.7 20 4.2 7.0 28 53 88
emissions | change
in UK

CELT e e 1.7 3.1 48 22 42 68 1.3 29 51 22 54 95 15 35 59 20 41 7.1

emissions | change

in UK
Low GECHEN 1.5 2.7 41 14 31 53 13 26 43 14 41 75 14 29 48 14 32 56

emissions | change

in UK
7/11/13
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CIBSE TM48: 2009

Use of climate change scenarios S =
for building simulation:
the CIBSE future weather years CIBSE

21

Contents
The CIBSE future weather years preface
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6.1 Dynamical downscaling 16
6.2 Analoguc scenarios 16
6.3 Time series adjustment (‘'morphing’) 16
6.4 Statistical models (weather generators) 17
6.5 Choice of downscaling method 18
7 Future developments 19
References 19
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Appendix A2: Solar radiation algorithms 26
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UKCP - Changes in Absolute Annual Mean Temperatures (All Scenarios)

17

16

15

14

13

Change in annual mean temperature (°C)

North Scotland

2020 2030 2040 2050 2060 2070 2080

Time period

Low emissions ! Medium emissions %‘% High emissions
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Temperature Heat Island Effect in London

15 -10 5 0 5 10 15

03 Easting, miles 13
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Purpose of CIBSE TM54: 2013

Evaluating operational energy \s\ =
performance of buildings at
the design stage CIBSE

TM54: 2013

i
il {1

T

lh

W\\‘,\T}""'“ B SR
| #

| “H
SR \ A -\
a .

i

T :

Provide a methodology to calculate
operational energy use

Demonstrate that energy
performance is dependent on how
the building is occupied, run and
maintained, as well as how it is
designed and constructed.

7/11/13
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Methodology Within CIBSE TM54: 2013

Acquire information about the building and prospective use

Step 1:

Establish floor areas

Step 2: Establish operating
hours and occupancy factors

Calculations outside a DSM

Step 3: Step 4: Lifts

Lighting and escalators

Step 5: Step 6:
Small power Catering

Step 7:
Server rooms

Step 8: Other
equipment

Step 9: Domestic hot water

Inputs Calculations
into DSM within the DSM
Step 11:
— Space heating,
\ cooling, fans
Step and pumps
10:

Internal Step 12:
heat Humidification
gans j and

/ dehumidification

Step 13: Estimating management factors

Using the results

Step 14:

Running scenarios

Step 15: Step 16: Review
Sensitivity analysis against benchmarks

Step 17: Presenting the results

7/11/13
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CIBSE TM54: 2013 Estimate of Annual Energy Consumption

Part L model versus TM54 estimate versus actual

26

Annual consumption (kW-h/mé?)

350

300

250

200

150

106

50+

Original
Part L Model

ThM54
Estimate

Actual

B Lifts
I servers

Office
1 equipment

Lighting

Fans, pumps,
. controls

Cooling

Hot water
- (gas)
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Running Scenarios following CIBSE TM54: 2013

180

160

140

120

100

80

60

40

Annual energy consumption (kW-h/m?)

20

Worst case
T High-end
——4-- Mid-range
L Low-end
= -
-
+ —r—
Heating Hot Cooling Fans Lighting Office Lifts
(gas) water and equipment
(gas) pumps
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Schools Old Energy Consumption Guide

ney. =
80% of schools irom the survey Energy cost for median
fall within the coloured bands \ lschool in @ach region

BEST WORST

¢ 10 20 30 0 40 . 50 60 70 B0
o
PRIMARY AND MIDDLE SCHOOLS {(average pupil density 7m?/pupil)

0 10 20 [ a0 50 60 70 80
SECONDARY SCHOOLS (average pupil density 10.3m%pupil)
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APSIM HVAC System Network and Controls

Enpache System Simulation - Asim1

File Edit “iew Componentz Window Help
gl=| alal ¢ | & Ble=elan]s]e ] | o]
| B ?l e §*|*E-'*| _| I |l.|..|'_| Heating Coil x|
i Asim1:2 [ Feference: [FHC00ZY 0K
Sett Cancel
|— ettingz _ _ _ ' |
Vi
g JCS JANNT- AR
- I ‘ I - |
L \ [':' | N
10 ‘ . “
v S N S S =
— IR e
| o -}
4 . — o = } ,.
J=l=IRIRY SN . -
ISEIE:t grid poirk
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Vertical Air Temperature Distribution with HVAC Systems

30 Radiator Underfloor heating Warm air heater at high level
b
E 2:0
£ /
k=2
QD
e
E /
S
g 10

15 20 25 15 20 25 15 20 25

Air temperatures / °C

31 7/11/13
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How Does Cooling Actually Perform

P DAIKIN

Maximum Pipework limitations

S i

your comfort. our world.

F's

165m

90m 30m

| 4

| | E———
 —
90m
 S—  S—— .
e
 E— ]
 —
 — —1

*Total piping length 1000m

These are maximums —
Any pipework that
exceeds standard
limitations (which are
shorter) will raise
warnings that require the
design to be checked by
Daikin UK

7/11/13
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Lighting Equipment and Light Loss Factors

Number of lamps required for 25 000 hours of light

GLS HAL CARL LED
Incandescent lamp Halogen lamp Compact Nuorescent LED lamp
tamp
29 X 12.5x 2.9X
T P N
/ A ‘(//\ ) / ‘é";;/) ) »[\\ %i)\
» / AN
4 /’: / /\(\/} ’// ‘{Jﬁ’“ x{
Average lifetime Average lifetime Average lifetime Average lifetime
1000h 2000h 10000h 25000 h

Cumulated Energy Demand based on 25 000 hours of light

GLS |55
HAL |69
CFL | 37

LED | 36

7/11/13
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CFD Analyses for Standard Data Centre

7/11/13

Temperature (deg C)

=32
27
22
17
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CFD Analysis of Store Food Layout with Underfloor Heating

E e .

207 floor

. B

28°C floor

307 C floor

e Floor femperature of A0PC gives acceptable conditions

35 7/11/13
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Fabric Checks Have a Way to Go!!

(Hens et. al. 2007) U Values

Measured values
Construction Calculated Good Poor
workmanship workmanship
Full fill Min fibre 0.22 0.22 0.395
Partial Fill XPS rigid board 0.21 0.24 0.985

36 7/11/13
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Example — Cavity Wall U-value Calculation

37

Brick

— N
- Block with Mortar

Mineral Wool with Timber Studs

Plasterboard

—— I |
102mm 50mm 100mm 89mm 12.5mm

7/11/13
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Upper Resistance Limit

Combining these resistances we obtain:

L _ 1
. Fh K F 0818 0062 0112 0008
R, R, R, R, 3783 2988 2126 1331

= 3.382 m?K/W.
El U-vatlue WO|UId belg.26 W/m2K
S most people wou

R1 U-value would be 0.30 W/m>?K
To 1995 proportional area method

7/11/13



GREEN

Improving DTM Software CotRe A-COM

390

U-value of the Wall

The effect of air gaps or mechanical fixings? should be included in the U-value unless they
lead to an adjustment in the U-value of less than 3%.

U=1/Rg+ AU, (if AUg is not less than 3% of 1 / Ry)
U=1/R; (if AU, is less than 3% of 1 /Ry)

In this case AU, = 0.003 W/m?K and 1 / Ry = 0.315 W/mK.
% Since AUg is less than 3% of (1 /Ry),

% U=1/Ry=1/3.170 = 0.32 W/mZK (expressed to two decimal places)

U-value would be 0.26 W/m?K
As most people calculate it

U-value = 0.30 W/m?K for Part L
1995 proportional area method

U-value = 0.32 W/m2K
from Part L 2002

I

7/11/13
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Passive House Project Case Study

Super insulation and thermal mass, allow the
building envelope to decouple the internal
environment from the harsh external
conditions

Envelope meets or exceeds values

recommended by Passivhaus
Institute

Walls and roof 0.09 W/m2K
Floor 0.10 W/m2K
Glazing 1.00 W/m2K

Images shows cut-away of conduction model of
wall and ground floor for average summer
conditions

RIS

s

7/11/13
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CIBSE Guide A10
Vapour Resistivity

Values of vapour resistivity for common materials are
given in Table A10.4 under two headings; “minimum”
and “typical”.

The “minimum?” values are the smallest values found in
relevant literature® and should not be used for general
calculations. The “typical” values are taken from the
middle of the range of values for each material and may
be used for calculation in the absence of more specific
data. However, it should be borne in mind that individual
samples of material may exceed these typical values by a
factor of two or more.

7/11/13
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Embodied Energy Data for Aluminium

Aluminium
Embodied Energy (EE) Database Statistics - MJ/Kg
y ; Average Standard Minimum Maximum Comments on the
My Maare i) NoRasores EE Deviation EE EE Database Statistics:
Aluminium 111 1571 104-7 8:0 3827 Material Scatter Graph
General 111 1571 104-7 8-0 3827
50% Recycled 4 108:6 53:4 58-0 184-0
450
Othe.r. ; 3 146-5 79:3 55-0 193:5
Specification
: 400
Predominantly . ; . .
Recycled 28 179 87 80 429 ’0
350 'S ¢
Unspecified 14 169-1 67-0 680 2499 P
2 3001
Virgin 62 224-1 685 39-2 3827 = “ S ¢
© University of Bath ;E,B 250 ’ $ 9,
A BSRIA guide S .% ¢ ®
B 200 o K z ¢
Embodied Carbon :§ PAPY
The Inventory of Carbon and '-IE-I 1507 “
Energy (ICE) L 2 2
e gt L 100 % & ¢ L 2K B
Ty ¢
50 ®
v Sl
(o] T " T * T I
bt e 1960 1970 1980 1990 2000 2010
g Year of data
CARBON AR
TRUST UNIVERSITY OF
e ROt
@ BSR‘E © University of Bath ’
42 7/11/13
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Embodied Energy Data for Glass

Glass
Embodied Energy (EE) Database Statistics - MJ/Kg
Main No. Records Average Standard Minimum Maximum Comments
Material EE Deviation EE EE on the
Database
Statistics:
Glass 97 20-08 9:13 2:56 62-10
Glass, 22 25.58 8:53 11-00 41-81 5
Fibreglass Material Scatter Graph
Market 1 30-00 30-00 30-00
Average
Predominantly 2 11-90 11-90 11-90
Recycled 70
Unspecified 16 2624 841 11-00 41-81
Virgin 3 24-85 10-25 17-60 32-10 60- &
Glass, General 75 18-50 873 2:56 62:10 202
50% Recycled 1 7-00 7-00 7-00 : g
Market 4 1681 5.87 1230 25-09 % 50
Average <
A BSRIA quide 55 40+
]
[ ¢
Embodied Carb v . ‘ “
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i
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¢
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How Would You Analyse These Facades?
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Pilkington Glazing Calculator

H Bnm

Glazz 1: Pldlmmgton Optifloat™ Green dnam b Ea'-.-'it_'.-' 1: |1 o vI Gaz1: I 90 ,u'l‘n,rggn j
Glazz 2 Pllmgton Dptifloat™ Clear Enamy - | u=2 ﬁmeiK

[\?12
-

Light

13%
hhX
9%
Outride Ingide

Product code I walue % Light® Ernergyi Solar factar Shading coeff.

W ek Tuy LT |Rouw LRin ET ER EA q T5C 55C
dgn-1 Bdr-cl3 26 20 71 13 14 45 =] 46 0.55 064 052

FPerformance code Sound reduction Thickreszsz Weight D ate
I-walueLight/E nergy Fw dB (C.Ctr] iy kgdme
2.6/ 71/55 33 [-1:-4 23 30 31407 A2007
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How Does the Facade Work

How does the Software

> deal with complex facades

N
v

Thanks to Mark Taylor
Allies and Morrison

46
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“2+1” Window Therm 2 Software Isotherm Prediction

1
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Technal Fxi Range of Windows

Fixed Light
Open In
Open Out
rf-'lxed Light
Open In
Open Oul
Fixed Light
Open In
Open Out m

I <22
BESN 23

. 25

U Value Glass (centre pane)

Size of Window

S| =0.75m x 0.80m
S2 = 1.20m x 1.20m
S3=1.23m x |.48m
S4 = 1.00m x 2.18m

7/11/13
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The Thermal Assessment of Curtain Walls = CWCT Guide

Appendices
Estimating curtain wall U-values

Calculating wall U-values ----
Calculating framing U-values

Calculating rainscreen U-values

Inputting data to SBEM

U-glass=138
260
240
@
E o
g % 220 U-glass=18
3 ?
= 2
T =
5 5
= 2 200 U-glass=186
o]
1.80 U-glass=14
1.60
30% 40% 50% 60% 70% 80% 90% 100% 900 1200 1500 1800 2100
Glazed fraction (%) Mullion spacing
7/11/13

49



/’\ UK GREEN

Improving DTM Software e A-COM

Member

i
——

Laamy
~amm

CIBSE TM37:2006 — Design for Improved Solar Shading Control

Table 5.4 Weighted average values of g ;; for standard 6 mm hard coat low emissivity double glazing with and
- - — without blinds
Design for improved solar W= _ : —
x Type of glazing and blind Value of g, for stated glazing orientation

shading control (rom outside to inside) North  NENW EW SESW  South  Horiz.
Low-e/clear (no blind) 0.55 0.60 0.62 0.60 0.56 0.61
Occupant control:
— low-e/clear, internal blind 0.52 0.53 0.53 0.51 047 0.51
— low-e/clear, mid-pane blind 0.49 045 0.43 041 0.37 0.40
— low-e/clear, external blind 0.47 0.41 0.38 0.36 0.33 0.35
Automatic control with occupant override:
— low-e/clear, internal blind 052 0.50 0.48 0.46 043 0.46
— low-e/clear, midpane blind 0.49 0.40 0.34 0.32 0.28 0.29
— low-e/clear, external blind 0.47 0.35 0.28 0.25 0.22 0.21
Fully automatic control:
— low-e/clear, internal blind 0.55 0.51 0.48 045 042 0.44
— low-e/clear, mid-pane blind 0.55 041 0.33 0.30 0.26 0.26
— low-e/clear, external blind 0.55 0.36 0.26 0.23 0.18 0.17

TM37: 2006 ¢ ‘ | ey
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Solar Shading at De Montfort University Business & Law Building

|
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Example for London Showing Benefits of Blinds

Potential glazing height m

— KEYROOM

e vl - 038 (e, SKN 172)

o value - .31 [eg. SKN 165)

Evalue-0.25 [eg. SKN 154)

Test case glazing

wewes pydlue- 0,38 with blinds (.8 5KN 172 « Verasol 816 FR)

seeeees pyalue - 0.31 with blinds (e.g- SKEN 165 « Verasol 816 FR)

vesness gyalue - 0,25 with blinds (e.g. SKN 154 + Vierasol 816 FR)

----- Test case glazing + blinds

- = piyalug

= = pvalue

= = pyalyg

- D28 with blinds (e SKEN 172 + Verasol 812 FR) 1=

- 031 with blinds {e.g. SKN 165 + Werasol 812 FR)

=025 with blinds (&g, SKN 154 + Verasol 812 FR)

T = =

45

135 180 225

Orientation

270 315

360
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53

Improving DTM Software

GREEN
BUILDING
COUNCIL

AZCOM

Outside Air Temperature and U-Values for Glazing

Comparison of centre of pane U-values due to changing temperature (@ 20°C int, 3 mis wind speed)

1.8

16

1.4

12

U-walue (AFm2K)

0.8

0.6

0.4

02

Temperature {(*C)

1000
\\ 800
\__/‘—
G500
400
200
| . | el I I Ly 0
-30 -25 -20 -15 -10 5 0 a 10 15 20 25 30

Hours

I Hours
——~8mrm Clear - 16mm Air - 3mm Low-e
Bmm Clear - 16mm Argon - Smm Low-g
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Mermber

U-value of Glazing and Wind Speed

1.3 2000
- 1800
1.25
- 1800
1400
1.2+
1200
3
£
= 2 |==Hours
1.15 4 1000 3
2 T |——=8mm Clear- 16mm Argon - mm Low-e
Z
=
- 800
1.1 4
- 600
- 400
1.05
200
1 - 0
o 1 2 3 4 5 5] 7 g g 10 " 12 13 14

Wind Speed (m/s)
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Glass Unit U-value with Outside Air Temperature

Comparison of U-values due to changing temperature {€ 20°C int, 3 mis wind speed)

19 4

1.8

17 \\

. \

156 =

\ \\ B

——~8mm Clear - 16mm Air - Bmm Low-e
——=8mm Clear - 16mm Argon - 3mm Low-e

12 \\

1.1 /

—

—_
=

—_
[¥5)

U-value (Am7K)

09

0a

-40 -30 -20 -10 o 10 20 30 40
Temperature (°C)
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U =2.2 Wm2K: Glazing Surface Temperatures

External Dry Bulb Temperature = 0°C

<10 10.5 11 11.5 =12
SurfaceTemp Internal Air Temperature = 20°C

56
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CIBSE TM35:2004 - Facade Selector Toolkit

|G
=
|

Environmental performance

- | M
toolkit for glazed facades CIBSE

ﬁ' Facade Selector 2

File Wiew Help
Facade Selector
Orientation o o
il':liil-a:;;',.; Tins o

. E] Dnly Fagades Without Shading Devices

Show Fagade Options

_E] Peak Heating Loads less than or equal to: W [\ /ref floor area)

. Min Value Max Value |1 04.2
1] Peak Cooling Loads less than or equal to: 100 - et floor area)
Min Value 47.3 Max Value
zjif;Peak Solar Gains less than or equal to: 100 (Kwhin floor area) y
Min Value 156  MaxValue |-34‘ 6

.I‘ I.I| I.I' | E!'Avérage Daylight Factor greater than: J-4—
”HI ’I !. Ill' IIII I.I\ III[ “ ‘ - Min Value Max Value 936 I }

,,__'

‘ ‘I I ’I l. I I I] I I I‘ III IIII . | ﬂ Glazed Facade Cost less than or equal to: [0 (&40t facade area)
I I | - el j Show Summary Report

7 MinValue 400 Max Value a15 . d
kR i, ™
y ‘Note: The max and min values for each performance critefion denote the Show Comparison Charts

%2004 I 2 o extremities of the criterian for the selected orientation. el LR
. f 4 i - = — = =
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What Should a Roof Look Like? —Photovoltaic’s on a Green Sedum Roof
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THANK YOU FOR LISTENING

“If we change the ways you t out
may be what you build will chan ge the

aarth has no voice.....so s
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