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The Issues

* The background
* Behaviour change

* Reducing
consumption and
demand

Charles Avery, Untitled
(Chesches Players outside the
One-Armed Snake) - 2009



Why buildings?

* Buildings — 41% of all energy in the EU
* Transport / Manufacturing less than 25%
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Background: Building regulations
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The Policy Context

« Strategic Environmental Assessment
Directive 2001 (effective 2004)

* Energy Performance of Buildings Directive
2002 (effective 2009)

* Energy Performance of Buildings Directive
2010 (effective 2012)



What I1s the Standard Assessment

Procedure?

« Simplified model for
energy use

« Breaks energy use and
heating requirements
Into heating, appliances,
lighting, etc.

SAP 2005

The Government's Standard Assessment
Procedure for Energy Rating of Dwellings




Split is very heating heavy (in the UK)

Domestic energy consumption by end use
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Shorrock, L. D. and J. I. Utley (2008). Domestic
energy fact file 2008. p. 43




Recent c

Lowe, Robert (2007) 'Technical options and strategies for
onizing UK housing', Building Research & Information,

decarb
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Figure 4 Predicted CO; emissions for a 50 m? flat under
Building Regulations for 1995, 2 and 2006. Indications are
also given of emi s from a dwelling of the same form (1) built
under a possible 2010 revision of the Regulations and (2) from a
flat typical of the current stock. Note that the graph shows
current energy use against date of construction. It is not a time
series of energy consumption and does not, for example, imply
that electricity consumption in UK housing is static
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Why electricity use? ...and will keep

Figure 86 - Estimated change in stocks and average unit energy consumption
(UEC) of residential ICT and CE appliances in OECD, 1990-2030
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Source: |EA estimates.
The effect of structural changes, mainly the switch to flat screen technologies and laptop computers, is evident in
the reduction of UEC values prior to 2005.

NERECRER=IE . Gadgets ang
Gigawatts - Policies for Energy Efficient Electronics.




Environmental footprint... what is
expected of architects to deliver?

Energy (use on site)
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Two views of carbon emissions

Emerging View

Traditional View

per

d per
| Square Mile

Household

Tons of CO2/Square Mile Tons of CO2/Household
~ METRA Rail Line per Year per Year
B 81,100 Tons B 11.5Tons
) Bl 7450 Tons B 10.5Tons
: County/Chicago 1,695 Tons 10 Tons

290 Tons 9 Tons e
35 Tons 2.5 Tons 1%:?2’?‘“



Behaviour Change

« Sometimes a difficult moral question

» Pattern of a city influences pattern of
people’s lives

« Example: Transport and local
neighbourhoods



Connectivity and catchments

Up to 20km

Possible facility Catchment population
Stadium City
Cathedral City
City Hall City
Theatre

Universities, regianal exhibition centre, etc.
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25,000-40,000
District centre 25,000-40,000
Library 12,000-30,000
Health centre 9,000-12,000
Community offices 7,500
Community centre 7,000-15,000
Pub 5,000-7,000
Post office 5,000-10,000

- Primary school 2,500-4,000
Doctor 2,500-3,000
Corner shop 2,000-5,000

i Districtor
: Town

District B\
400-600m
Neighbour-
hood

150-250m
Local hubs

This chart is indicative and s based upon city-scale urban areas.
Catchments will vary in specific areas,




How intense does development need to

be?

* If basics are < Y2 km with 2,500 people
needed to support them...

 Translates in a normal residential area to 100
dwellings per hectare... or 1.1 FAR



Relate to real life...

Draft London Plan recommended density levels

Public Location
Lranspart in Landon
accessibility

6 is highest

G6to 4

Suburban

Urban

Suburban

Suburban

Car parking

(spaces per unit)

Predominant
development type

Hausing density

as habitable rooms per hectare
and dwellings per hectare

150 - 200 hrh
30 - 65 dph

150 - 200 hrh
30 - 50 dph

High

L = |

Detached and
linked houses

200 - 450 hrh
55-175 dph

200 - 300 hrh
50 - 110 dph

200 - 300 hrh
50 - 110 dph

200 - 250 hrh
50 - 80 dph

Moderate

= |

Terraced houses
and flats

650 - 1100 hih
240 - 435 dph

450 - 700 hrh
165 - 275 dph

250 - 350 hrh
80 - 120 dph

300 - 450 hrh
100 - 150 dph

Law
Less than 1

Maostly Rats




Reducing consumption and demand

Overall picture

Solar design
Ventilation

On-site energy sources
Water



(One) National view of building energy

Domestic energy consumption by end use

-l
on
(=)
(=)

O Space heating (PJ)

O Lights & appliances (P.J)
O Cooking (PJ)

B \Water heating (PJ)

—
e
c
9
a
E
5
oW
c
<]
& ]

—
[
=)
(=)

0
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1993 2000 2002 2004 2006

Shorrock, L. D. and J. I. Utley (2008). Domestic energy fact file 2008. p. 43
(1 PJ = 30 million kilowatt-hours)




A picture of the energy we use as a

community

Anticipated occupancy: 664

Site area: 16,900m2 (1.69 ha; gross floor area: 12,500m?2)
Dwellings: 154 (91 dwellings/ha; 367 habitable rooms/ha)

Energy in food (a):
Energy to produce and
transport the food (b):

Rainfall 600 mm/y (c): 10,140m3/y

Jd d
Jd d

Energy in goods {I)

Household waste (j)
a. 347,936 kgly
b. 727,196 kWh/y (k)

Human waste:
30,196 kWh/y (i)

/

CO; produced
by occupants:
247 672 kgly (m)

Heating energy (primary) (g):
CO; due to heating:

Electrical energy (primary) (h):
CO; due to electricity:

761,700 KWh/y

3,322,700 kWhty

1,225,927 kWh/y
220,667 kgly

1,166,210 kWh/y
164,435 kgly

Water use: 24,236 m3/y (d)

N
7S
Vegetation
CO; uptake (e):

1083 kgly

Energy used in
transport (f):
3,762,224 kWh/y

Wind energy
crossing at boundary

Coopers Road, London — courtesy Max Fordham LLP



power
¢ station

What to choose???

Electricity
by cables

Biomass
wastes . .

Solar
power
with
electroliser

\,
Ne—" Wind
T

Storage 5> s Water

w? Biomass
! [ wastes . .

Solar
power
station

T—— Wind
Electricity

and gas e Water

Biomass
wastes . . .

Thomas and Richie 2006, p.57



The reality

Rosalind Nashashibi,
Eyeballing - 2005



Comparison of energy and density

Form/Density

Frsai

Movement/Transport Buildings/
Energy (use andproduction)

Potential

energy
produced
per m*

of building

areo

Richie p.5 (2006)



Comparison of energy and density
A

Energy required Solar energy that
for space heating contributes 1o

per m? of floor daylighting per m?
space of floor space

(a) (d)
Density

Energy required / Solar energy +
for mechanical that can be used
er‘;?‘lil:hor;rcl:g for solar hot water
of ﬂoogr ': ace fioating per e

p floor space
b
(b) ' — - (e)

Density

Densily

Solar energy that Solar energy
conlribules to thatl can be used
passive solar gain \ for PVs per m*
per m? floor space of tloor space

() (M

Richie 2006, p.5



On-site production

* (Photovoltaic cells)
* Wind energy
 District heating systems



On-site production — often not enough

2050 Per Plan Energy Use Conditions
Solar Energy Reflected, Absorbed & Released

Solar Energy Input = @V so0imy

161,006,000 kWh /yr /.7 Solar Energy Used for
‘ 1 j Building Lighting

4,534,000 kWhfyr

/) Solar Energy Used by

| | Photosynthesis /7~ ..\ Solar Energy Used for

Nl 446,656 kWhyyr 3 | On-Site Generation

) A " 12,586,000 kWh/yt
...\ Solar Energy Converted to

_ | Building Thermal

\l &7 4.534,000 k'Wh/yr

Electricity Generated |
at Wind Farms
51,300,000 kWh [yr

sed
r

Electricityimported: o # e, CO2 Used
46,600,000 kWh{yr : % § ; 38 tons/yr
Electricity Lost in Transmission g : Carbon Fixed

4,700,000 kWh/yr 11 tons/yr

CO2 Released by On-Site Use of Gas
2,182 tons/yr

Note: This concept plan is not intended
to represent specific planned or required
development proposals

Carbon Balance
Net add to atmosphere: 2,144 tons/yr

Lloyd Crossing, Vancouver




Wind on-site....a bit discredited

B&Q's bluster on micro-wind power
runs out of puff

In a London street — 17kph; recommended 29kph!!



Solar energy methods

* Daylight — reduce electricity for lighting
» Passive solar heat gain (space and water)
* Photovoltaic cells



Table 5.2 Height to width ratios

D | | h t . Maximum Minimum
a'y I g I n g Mews 1:1.5 1:1
Streets 1:3 1:1.5

Squares

 Both internal and external...
 But not too overblown!

1:5
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Solar heat gain and PV Cells

Traditional

Thomas and Richie (2009), p.47



Solar heat gain

* Buildings gain more heat from the south
* Less energy to heat...more energy to cool
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Ratti et al. 2005
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What about solar farms




Ventilation

» Single-aspect 2.5m x ceiling height
* Double-aspect 5m x celling height

* Results in block depth < 15 metres to avoid
mechanical systems




Tips on effectiveness

* Measure daylight in winter, 2 metres above
the ground (a window)

« 20% of wall glazing as minimum
* 30 degree from south maximum
« Street grids — east to west




How much does this all cost!?

Woodchip biomass

------- }--=-===-- Urban wind turbine

Solar thermal
& J. ........... Photovoltaics

--4-- CH/CHP

Improved insulation

‘A'-rated appliances

| | L 1 | 1 Capital Cost [£)
T | ] [ [ kg CO; savedly
5

10 15 20 25 30

Key

A Items that reduce energy demands

B Items that change the way energy is supplied but still use fossil fuel
C ltems that supply energy

Thomas and Richie 2006,

Generalised cost curves.

Cost of reducing demand
by 1kWh/y (or CO, production)

Cost of supplying in kWh/y in
an environmentally friendly way (and
simultaneously reducing CO, production)

- Demand or supply




Many possible routes

Ulla von Brandenburg, 2009, Installation 8



New data developments: DECC Energy

1 Conzumption [kK'Wh]
Z LSOA Allocation Electricity
7 L& Code PALEOA Code Ordinary domestic EconomyT domestic

LIEIT101T  E0Z200000° City of Londaon 001 4 3 7 R.745.434 222 :
LIEIT102  E0200016F Camden 001 g 1,010,858
5 UJEIT102  EOZ00016, Camden Q02 1%

7 LUEIT102  E0Z00016f Camden 003

g K02 E0Z00M GBS Camden 004 RELT 33,740
g LKN102 E02000170 Camden 005 3,391,610 837,715

10 UKIT102  EO0ZO0017 Camden 006 2. 374 6546 1,468,147
1 UkN102  E020001 7 Camden 007 LA82.517 543,590

- —_ -

* An MLSOA is approx. 3,000 households
* Includes number of meters, population
* New release at LLSOA = 400 households



New data developments: English House
Condition Survey (hnow renamed)

* Dwelling type

* Energy spend

* Income

* Window type

e 15,000+ per year




Methodology

Ulla von Brandenburg, 2009, Installation 8



Methodology (1)

English House DECC Regional ONS Census data/f EHCS/RPI/ONS [DECC Energy
Condition Survey  Price Index Experian Derived Dataset [Data (MLSOA
(unit scale) (Regional scale) (MLSOA scale) (MLSOA scale) [scale)



Methodology (2)

.z Dwellings

Average electricity consumption
(ordinary) per dwelling
Total Residential Ordinary
Electricity Consumption
(Survey spatial version)

Experian Median

Income grou|
Income per Household Broue

ONS Dwellings

Total Residential Ordinary
Electricity Consumption
(Survey Income version)

.z Average electricity consumption
(ordinary) per dwelling

Proportion Electric-to-Gas
cooking consumption

ONS Populati
Opulation Total Residential Ordinary

BREDEM Algorithm Electricity Consumption
(BREDEM version)

Total Residential Floorspace

National level

Regional level

MLSOA level

Building level




Methodology (3)

MLSOA SCALE

~

ONS Land Use:
Footprint of Residential Buildings

UNIT SCALE —/

Residential Density
P =N

ONS Land Use:
Total land area

EHCS dwelling type e

(;

; Area Type
per dwelling Region yp Urban Location and Form

\_ :
Dwelling Type

Area Type
\ / ONS Dwelling Type
EHCS e type

Total Residential Floorspace ( N

ONS Region Regional level
. 4
)\

.z | Mean gross floor area .z Dwellings

EHCS gross floor area

EHCS GO region

MLSOA level
. g
—_—
Building level

E——




Methodology (4)

UNIT SCALE

EHCS cooking spend ]

J

Proportion electric-to-gas cooking cost

Proportion EVe(:lm:-lu-(iHs\l
cooking consumption J

NATIONAL SCALE

G Y ® -
¥
R . . ~ -~
\ MTP Average kilowatt-hours i
EHCS year I 'g f US | «& | Proportion Electric-to-Gas ( +: Proportion Eltxu:c»lo-Gas\
| » N per use hob uses . oven uses
/ 3 EHCS energy spend | ~ | & 3 Miskias
(: —— \ " .; Average electricity consumption ( Year ) { ) |
; (ordinary) per dwelling 7 e ~ >~ - ¥ =

v N

EHCS dweliing type \ 3 ' / 7 .
J Y -

Electricity spend (ordinary) )

|

~

EHCS lights/appliances spend f.,‘
i

|

=

MTP Proportion
Electric-10-Gas haobs

MTP Proportion
Electric-to-Gas ovens

| per dwelling
EHCS GO region ( :

.3 Average electricity (ordinary)
cost per kilowatt-hour

— —,
Electricity spend (ordinary)
per dwelling

/

- DECC Region

v
-~

——————— i
\ EHCS dwelling type l 1
. >

~
’ EHCS area type

\

EHCS household income

3 ¥
Average electricity consumption
(ordinary) per dwelling

DECC Average cost
per kilowatt-hour

DECC payment type

DECC Year

REGION SCALE

MTP Annual hob and

oven use MTP Year

National level

)
Regional level

S
<

MLSOA level
e-—
()
Building level
N 4




Results

Rosalind Nashashibi,
Eyeballing - 2005



Results (1)

* The planning and building regulations in
force from 2001-2005 underestimated the

ordinary electricity consumption of
households by half



Results (1)

0 50 100 150 200 250 300 350 400

B8—8—8 MLSOA ordinary electricity consumption per household based on EHCS survey 2002-2006
———=——=— MLSOA ordinary electricity consumption per household based on BREDEM dom estic energy model 2001

MLSOA ordinary electricity consumption per household in DECC database 2007

Floor area times number of occupants per household




Results (2)

 Both BREDEM and the survey data show a
slower increase In consumption in proportion
to iIncome than the DECC data indicates....



Results (2)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Annual household income 2005 in thousands (GBP)

Average electricity consumption
per household v Income per




Results (2)

* ...especially in heavily urbanised areas.
Remember this is the spatial version of the
survey data.



Results (2)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Annual household income 2005 in thousands (GBP)

Average electricity consumption per housenold v Income
per household (Note: Survey - spatial version, London
region only)




Results (3)

* Using the income version of the survey data,
the EHCS and BREDEM estimates show
similar increases Iin energy use based on
Income compared with the DECC data...



Results (3)

Annual household income 2005 in thousands (GBP)

-B——H8—8 MLSOA ordinary electricity consumption per household based on EHCS survey 2002-2006
MLSOA ordinary electricity consumption per household based on BREDEM dom estic energy model 2001
MLSOA ordinary electricity consumption per household in DECC database 2007

Average electricity consumption per household v Income per
household (Note: Survey - income version, all England)




Results (3)

* ... In the London region, however, there Is
little relationship between income and energy
use in the EHCS survey data and in the
BREDEM model estimates of energy use.



Results (3)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Annual household income 2005 in thousands (GBP)

-B——+H—58 MLSOA ordinary electricity consumption per household based on EHCS survey 2002-2006
MLSOA ordinary electricity consumption per household based on BREDEM dom estic energy model 2001
MLSOA ordinary electricity consumption per household in DECC database 2007

Average electricity consumption per household v Income
per household (Note: Survey - income version, London




Problems and analysis

Charles Avery, Untitled

(Chocrhace Dlaviare niitecidaea tho



Problems and analysis (1)

* The survey deliberately had a huge spread of
energy use and incomes!



Problems and analysis (1)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Annual household income 2005 in thousands (GBP)

Ordinary electricity use v
Income in each EHCS surveyed



Problems and analysis (2)

* The survey had more lower and middle
Income groups, especially in London



Problems and analysis (2)

Region Household Household % Difference

Income — Income —

EHCS 2003-06 2004-05 Income

average tax report
North East 15,715 19,127 17.8%
North West 17,778 20,483 13.2%
Yorkshire and the 17,481 20,247 13.7%

Humber

East Midlands 18,573 20,868 11.0%
West Midlands 18,500 20,535 9.9%
East of England 22,115 24,401 9.4%
LLondon 22,617 29,947 24.5%
South East 24,388 26,328 7.4%
South West 20,651 20,954 1.4%



Problems and analysis (3)

* The index of net household wealth per head
more than doubled between the early 1990s
when the BREDEM 2001 version was first in
development, and the mid-2000 when the

EHCS and DECC data was taken. Is this a
1:1 relationship?



Further work

* |solating datasets that address low income
and high income households and their
energy use

* Investigating Increasing household wealth as
an adjustor of established domestic energy
models

« Examining differences between heavily
urbanised and other areas In relation to
Income and other socioeconomic factors



End of slide show
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Lucy Skaer, Zero Table, 2008



