Building energy simulation in practice

Seminar of the CIBSE Building Simulation Group 30th September 2009

Sustainable design of lower carbon buildings in a changing climate
EngD in Environmental Technology
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S Overview

— BRINCKERHOFF

e Limited perspective of regulated building energy analysis
e Life cycle thinking applied to construction

e Influence of climate change on energy demand and
comfort
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AINCKERHOFF Regulatory requirements
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Life cycle perspective
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How significant are
these additional flows to
building design?

Does regulation deal
with these issues in
other ways?

What is the extent of
the ‘system boundary’?

What impacts on the
environment should be
considered?

Life cycle perspective
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RINCKERHOFF Life cycle perspective

S ®

How significant are other material flows?

A 1996 study showed an office’s operational phase
represented 80-90% of all primary energy demand...

...However this could be reduced by 50% by including
low energy features (Cole and Kernan, 1996)

In a 2002 study embodied energy represented 67% of

the operation phase (Yohanis and Norton, 2002)

2016 — Zero carbon homes

2019 — Zero carbon non-domestic buildings
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BRINCKERHOFF Life cycle perspective

e How are material flows currently regulated?
— BREEAM
— BRE Green Guide / Environmental Profiles
— Site Waste Management Plans
— Invest2 Software...

— No cohesive tool to think of material flows in
the same way as operational demands

e What environmental impacts should we

consider?
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RINCKERHOFF Life cycle perspective
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Life cycle perspective

= Adaptation to climate change CIBSE TM48:

Use of climate change
scenarios for building

simulation
10% 50% 90% Using UKCIPO2 data
probability probability probability St e 0
level. level. level. the CIBSE futire wastrer yours GBS
Very unlikely to Central Very unlikely to
be less than estimate be greater than

Change in mean
temperature / °C

UK Climate Impacts Programme, 2009 Creating balanced environments
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1. We must build an understanding of the wider life cycle
Impacts on climate change caused by construction

- Is zero carbon really life cycle optimised?

- Should we replace existing air conditioned buildings with new naturally
ventilated alternatives?

2. We must understand how buildings will respond to
climate change over their lifetimes

- How will zero carbon buildings perform in the future? Will they still be zero
carbon?
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Design for Climate Change
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BRINCKERHOFF Met Office Weather Data

A [ B] ¢ [b|] E JF|] 6 [H] [J | K [L]| M In[ o [P]

1 |[MANSTON
2 |INGR =6324E 1661N
3 |Altitude = 49 metres
4 |Latitude = 51:35 N Longitude = 01:34 E
]

Terperature Ternperature Relative Wiind - Cloud - Total

- Dry Bulb - Wet Bulb Humidity Wind - Mean hean Solar Radiation - Amaount
B [Date Time |(°C) MET [(*C) NEZ | % ME3 |Speed (knots) MNE4 Direction MBS Global (K)/sq m) MBE [oktas) MEY
7 | 014032008 00:00 11.1 10.2 8.7 27 240 1] g
8 | 014032008 01:00 13 10.4 83.9 2 240 0 8
9 | 014032008  02:00 12.4 10.6 78.9 27 240 1] g
10 | 0032008 | 03:00 128 8.3 63.5 32 270 1] g
11| 01/03/2008 | 04:00 105 8.0 63.5 25 290 1] 7
12| 0032008 | 05:00 a7 5.9 64.0 30 240 1] 1]
13| 01032003 | OB:00 8.7 57 B0.1 30 290 1 1
14 | 01032008 | 0700 8.1 54 63.1 25 240 9 1]
15 | 01032003 | 08:00 8.1 54 63.0 25 280 157 0
16 | 01/03/2008 | 09:00 9.0 6.3 64.3 26 280 637 1]
17 | 01032008 10:00 9.9 6.9 B0.5 26 280 1176 1]
18 | 01,/03,/2003 11:00 107 7.a 60.5 25 280 1588 1]
19 | 01032008 12:00 1.3 g.0 60.3 23 280 1830 1
20 | 010352008 13:00 10.9 76 597 23 280 1684 5
21 | 01032008 14:00 11.1 7.3 54.2 19 280 a7 g
22 | 01032008 15:00 1.7 76 51.9 16 270 763 7
23 | 01032008 16:00 1.7 7.4 49.7 21 270 1067 7
24 | 01032008 1700 10.4 5.9 55.2 17 260 456 1
25 | 01032008 18:00 9.2 6.4 63.2 13 240 g2 2
26 | 01032008 1900 8.6 6.3 63.5 14 240 1] 1
27 | 01/03/2008 20:00 9.1 6.7 63.2 14 250 1] 7
28 | /032008 21:.00 9.5 6.7 63.6 16 240 1] g
29 | 0032008 22:00 9.1 b7 G3.2 15 230 0 7
30 | 01/03/2008  23:.00 9.7 79 76.5 17 230 1] 7
31
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Building a Test Reference Year
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Eﬂﬁvsc%fmopp Cumulative Distribution Function
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FS(p,m,y)=ZN:‘CDF(p,m,y,i)—CDF(p,Ny,m,i)

FS,,, =W, FS(DryT)+w,FS(GIRad) + w,FS(Wind)
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BRINCKERHOFF Assembling the Test Reference Year
Month  Adopted Year Month Adopted Year
January 1994 July 1996
February 1999 August 1989
March 1999 September 1995
April 2005 October 1996
May 1997 November 1992
June 1996 December 2004
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Historical Climate Trends
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BRINCKERHOFF Historical Climate Trends
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Future Climate Trends
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BRINCKERHOFF Climate Modelling
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BRINCKERHOFF UK Climate Impacts Programme

TEMP Mean Temperature / °C
TMAX | Maximum Temperature / °C
" . N ., . TMIN_ Minimum Temperature / °C
LN S L N SR U T SPHU, Specific Humidity / g/kg
WA ST T e winD, 10m Wind Speed / m/s
| I ' DSWF Total Downward Surface Shortwave Flux / W/m?2
TCLW | Total Cloud in Longwave Radiation / %
MSLP,, Mean Sea Level Pressure / hPa
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Data Shift
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BRINCKERHOFF Data Shift and Stretch
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BRINCKERHOFF Future Predictions
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Test Model
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People Occupanc 1400 900
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C 500lux of lighting at 2. 4W/m* per 100lux .
Lighting ghting P Lighting 624 -
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Computers 2 desktop PCs at 100W each Equipment 200 -
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Boiler Energy / kWh

BRINCKERHOFF
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Cooling demand dominates over longer life spans

Overheating risk is of concern

Reference to UKCIP 2009 data is needed

Requirement for move to life cycle thinking
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Sustainable design of lower carbon buildings

in a changing climate
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