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People’s use of time, space and energy
« People’s behaviour privately and in public or private bodies is fundamental

« People’s activities in time and space depend (somehow) on many things

— evolved human physiology and psychology, age, gender, ‘culture’, occupation, household, health, wealth, location,
infrastructure, energy prices, weather, holidays, etc.

« People’s service needs vary in time (hours to years) and space
 Richer people use almost all services in building and transport interiors
« Peopleuseservices in groups much of the time in buildings and transport.

« Service demands, with end use technologies (including sweaters) and controls, cause energy
demands

« Primary energy supply system options depend on energy demands

« Temporal energy flows arise from all services for people and their machines, the
infrastructure, and the whole energy system including control: all operating within a
meteoroloqgy affecting demand and renewables.
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Presenter
Presentation Notes
(space heat, hot water, cooking, lighting, motive power etc.) and primary energy supply system options.
People’s exposure to pollutants and other health impacts in different spaces
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Jackson Pollock lives?
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People are what social energy systems are for

CONTROL SYSTEM: Human / Information technology
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Presenter
Presentation Notes
DynEMo models a range of dwellings and occupancy types. Two commonly proposed archetypes are shown in here.
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UK Personal time use : by space and activity

By activity
Insulate/heat beds and sofas? We used to do this!

By space
Nearly as much time in vehicles as non-
domestic buildings.
FormalRRiEagv A%

Vehicle space heat load larger than non- %
domestic? Insulate cars? Going out, 2%
Reading, 2%

Sleep,34%

Vehicles Outdoors

6% 2% Cleaning, 2%

Non-domestic

8% Paid work, 2%

Cooking, 3%

Personal care, 39

Rest, 3%

Friends, 3%

Other child

Eating, 6%
care,12%

House TV, 11%

Society Energy Environment SEE



UCL ENERGY INSTITUTE

University College London ﬁﬂ

Homo multicellulus — a life in boxes

o ~98% of (wealthy) human lifetime spent in stationary or mobile boxes
« Most services provided there: food, water, air, warmth, light, waste etc.

Dwellings
Detached| |
JAS
Semi detached ' '
- _I_ — _|. —
Terrace | I |
| | \I‘-¥
Flats '
-t 4 -
| |

Car

Bus

Train

Transport

Walk

¢

amt B

Non-domestic

Society Energy SE



UCL ENERGY |NST|TUTE University College London ﬁﬂ

: Infrastructure
DynEMo Temporal drivers
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People-dwelling combination calculation process
Weather

People and services
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PEOPLE DWELLING COMBINATIONS / SEGMENTS — existing and refurbished

Inputs Output results
People Building Energy Cost
AVERAGE 2.5 26 4 188 61 145 180
TOTAL 25.2 62.8 655 106 4747 1541 3652 4534
INPUTS
People Services Building Supply Building
g 8 E

= -g_ o 39- ;I gl 'E 2]
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GBR GBR50 E1 0.9 1.0 1 26 4 169 56 o] gb 130 165
GBR GBR50 R1 0.0 1.0 1 21 3 101 45 0 dh 130 165
GBR GBR50 E2 0.9 1.0 2 26 4 169 56 0 eop 130 165
GBR GBR50 R2 0.0 1.0 2 21 3 101 45 0 dh 130 165
GBR GBR50 E3 0.9 1.0 3 26 4 169 56 o] gb 130 165
GBR GBR50 R3 0.0 1.0 3 21 3 101 45 4 dh 130 165
GBR GBR50 E4 0.9 1.0 4 26 4 169 56 o] Ib 130 165
GBR GBR50 R4 0.0 1.0 4 21 3 101 45 0 gb 130 165
GBR GBR50 ES 0.9 1.0 5 26 4 169 56 o] gb 130 165
GBR GBR50 R5 0.0 1.0 5 21 3 101 45 0 hp 130 165
GBR GBR50 E6 0.9 1.0 6 26 4 169 56 o] gb 130 165
GBR GBR50 R6 0.0 1.0 6 21 3 101 45 0 dh 130 165
GBR GBR50 E7 0.9 2.0 1 26 4 182 60 o] gb 140 175
GBR GBR50 R7 0.0 2.0 1 21 3 109 48 0 dh 140 175
GBR GBR50 ES 0.9 2.0 2 26 4 182 60 0] gb 140 175
GBR GBR50 R8 0.0 2.0 2 21 3 109 48 0 hp 140 175
GBR GBR50 E9 1.3 2.0 3 26 4 182 60 0] gb 140 175
GBR GBR50 R9 0.0 2.0 3 21 3 109 48 0 dh 140 175
GBR GBR50 E10 1.3 2.0 4 26 4 182 60 o] gb 140 175
GBR GBR50 R10 0.0 2.0 4 21 3 109 48 4 hp 140 175
. GBR GBR50 E11 1.3 2.0 2 26 4 182 60 1 gb 140 175
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Load curves for Person-Dwelling Combinations

GBR:Yr 2050 3 days: 1 days/month; months 1,4,7 [Calc at 15 min interval GW

GBR Demolish 3% Refurb 75%

NB: this is for the UK.
French people have longer
(and many say better) lunches

and seem to keep electric

Light heating on at night — control
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Travel patterns

Time
H0 01 Holiday! Day trp! Other The temporal and spatial pattern of
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Energy consumption — DynEMo one day for month 1 ; modelled at 5 min intervals
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Matching demand to supply —- DynEMo 1 day for months 1 ; modelled at 5 min intervals
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Dvnamic system control — months : animated

SENCO  Energy, space, time model Demand and supply sample day vear Months 1.4.7,10 5 Days/month

Society Enerd
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Demography, households and dwellings

921 92

Population uncertainty Population: ageing
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Presentation Notes
The demography model also projects households number and households are mapped onto dwellings types. This is important because the carbon per person is much higher in small households. 
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Future UK demography: population and age
Ageing population, at least in the UK...
How will the activities of people of different ages change?

What sort of buildings and transport will we need for these activities?

Age profiles for 2010 and 2050 from model From Government Actuarial Department
. (allocation to activity by Barrett)
4.5 7 1000 Population 2004
- pe? \ 2 Nl
- an e b o/ N
35 1Ny = \ il'ﬂ\ § 600
3 \ ‘g_ 400 0O Work
\ o O Educ
s 25 \ S 200 mH
\\ ——2010 . ome
£
\ M= TI0k 0 10 20 30 40 50 60 70 80 90 100
1:5 N Age
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1 \ 1000
\ o /J—/\J/‘)\\
0.5 X \ S 800
0 LML 1N g 600
Pop Pop Pop Fop Pop Pop Pop Fop Pop Pop Pop Fop ‘ga_ 400 0O Work
age 5 age age age age age age age age age age age o O Educ
15 25 3% 45 E5 &5 Y5 85 9% 105 115 8 200
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0
0 10 20 30 40 50 60 70 80 90 100
Age 16

Society Energy Environment SEE



UCL ENERGY INSTITUTE

University College London ﬁﬂ

Comfort temperature, clothing and activity

Appropriate clothing reduces energy demand and emissions. A slight improvement in clothing could reduce
building temperatures. A degree reduction in average building temperature could reduce space heating

needs by about 10%.
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Load curves for Person-Dwelling Combinations

GBR Demolish 3% Refurb 75%
GBR:Yr 2050 3 days: 1 days/month; months 1,4,7 [Calc at 15 min interval GW

Appliances
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ME9 ®R8 WE8
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35 N10 N9 N8
| | N7 N6 N5
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N1 R20 ©E20
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mEL5 ®R14 mWEl4
mR13 WEI3 mRI2
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Load curves for these months for each PDC 
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Load curves for Person-Dwelling Combinations

GBR Demolish 3% Refurb 75%

GBR:Yr 2050 3 days: 1 days/month; months 1,4,7 [Calc at 15 min interval GW

District heat delivered
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Delivered electricity
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Load curves for Person-Dwelling Combinations

GBR Demolish 3% Refurb 75%
GBR:Yr 2050 3 days: 1 days/month; months 1,4,7 [Calc at 15 min interval GW

Water heat demand
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UK Personal time use : by age

Caringfor adults

Caring for adults other household
Attending meetings

Voluntary work

Recreational study

Entertainment and culture
Petcare

Contact with friends/family
Caringfor other children

Sport & outdoor

LA A

Computer
Education
Washing clothes
Other r 65 and over
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Hobbies 45-64
Own child care 25-44
Going 9ut 16-24
Reading
Cleaning
Shopping etc
Cooking, washing up
Wash/ dress
Rest
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Eat/drink i
Travel
TV etc —
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Sleep -
0 100 200 300 400 500 600
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UK Personal time use : annual

70 004
Use of time varies:
&0 5004
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Person in building : processes

Outdoor climate

temperature

solar radiation
Outdoor pollution humidity
Ozone, PM, etc. wind

4

Builtenvironnment

Fabric: insulation, thermal
mass, windows, blinds, etc.

Ventilation
Building Indoor pollution emission: PM, etc. Space conditioning (HVAC)
Diet: water, o : Heat
food : Water, CO2 transfer
- : Indoor climate » conduction
Clothing s {EMPETature convection
4" [yurniture radiation radiation
3 humidit
Impact: Age, airflowy
sex, health, :
knowledge, Metabolic heat — Heatloss_
drugs... _ (basal+ activity) > evaporation

23

Society Energy SE



UCL ENERGY INSTITUTE

University College London lﬁ]l

Person-Dwelling Combinations (PDCs) - scenarios

Numbers of PDCs
changing with:

Demolition
Existing (E)
Refurbishment (R)
New build (N)

Space and water heat
load of PDCs changing
with energy efficiency

GBR: By 2050: demolish 3% Refurb 75%

PDC populations change
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Energy services

NEEDS Task Energy form Technologies
Food storage heat (cold) refrigerator
cooking heat cooker
Comfort shelter materials buildings
thermal heat (hot/cold) heater/air conditioner
lighting light light bulb (/daylight)
Hygiene personal heat shower & boiler
clothes heat washing machine
dishes heat dishwasher/hands!
house power hoover
Health miscellaneous miscellaneous medical services
Culture travel power vehicles
telecommunications electricity telephone, internet
electronic media electricity TV, hi-hi etc.

miscellaneous

25
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SEE Energy Demand — socioeconomic future

« How many people?
 How will they form households?
 Where will they live?

 What will they do?

Society Energy SE 26
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Future demand: general considerations 2

Furthermore, energy consumption in the services sector and industrial sectors are themselves
dependent on basic energy service demands. For example:

* energy consumption for administering public transport or aviation is dependent on the demands
for those services;

» the energy consumed in the iron and steel or vehicle manufacturing industry depends on how
many cars are made, which is scenario dependent;

* the energy consumption of manufacturing industry depends on how much loft insulation there is
houses.

» The effects of energy demands on economic structure and its energy consumption are not
considered here. (This is rarely analysed in energy scenarios because the effects of these
structural changes and it is difficult to calculate them may be relatively small; .)
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Demography and consumption

Transport

Births

lrmmigration

Households

Dl lings

SE

Miscellaneous
consumption

Deaths
Population
Ermigration

Ccocupations

MNon-dorm

h
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Demographic projections

92 1 : r 92

.. . Projected
Projections depend on . - 2y 8
assumptions about birth, death ;
and migration. 847 ..~ 84

_ 80 - - 80
These assumptions can change
rapidly because of altered policy g 76 76
and other context, e.g. on: =
e immigration
* health 68 - - 68
» child support

‘ ’pp 64 - 64
e ‘culture

60 - - 60
The National Population :

. . . . 56 T T T T T T T T T T T 56
PrOJectlan indicate an_ 1996 2001 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051 2056
uncertainty of 10-15% in the Year
2050 population with — : _
accompanying energy and Principat - ===- Mortality variants

S il Migration variants - Fertility variants
emissions. . L .

High/Low combination variants
Source for projection: Helen Bray and Shayla Goldring, National Population Projections and the challenges of an ageing
population. _ _ _
www?2.lse.ac.uk/socialPolicy/BSPS/ppt/2008_PP_Goldring.ppt
Also see: www.gad.gov.uk
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A Demography model

Variables population I trilhion
probabdlity I 0-1
age a VEArs
gender g ternalefmale

Prohahilities  these are variahle across years

birth Phiag) o=
kirth gender Polag a=0to 1
death Pdia,g

I gt ati o Pila,g)

Efmigration Pela.g)

Population evolution from t to t+1
M t+1{a,m = MNptlag)] Phiaos)* Pola.g) -Pdla,g) +Pi(a,g) -Pela,g)]
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Demography model inputs and outputs (UK)

Age distribution by sex, 2008
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Population change: birth, death, migration probabilities
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Population change: birth, death, migration changes
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Future UK demography: population and age

Population forecasts change rapidly; latest higher growth because of more immigration and
higher fertility.

Very probable growth in relative numbers of older people.

80 Pop age 120

Pop age 115

M Pop age 110

Pop age 105

m Pop age 100
[ Pop age 95
™ Pop age 90
M Pop age 85
M Pop age 80
@ Pop age 75
M Pop age 70
M Pop age 65
M Pop age 60
M Pop age 55
M Pop age 50
H Pop age 45
H Pop age 40
M Pop age 35
M Pop age 30
M Pop age 25
M Pop age 20
0 M Pop age 15
2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 MPopagel0

M Pop age 5

70

60

50

40

30

20

10
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Household formation

Given a population how will it form households of different compositions?

 different numbers of Adults (over and under 60), and Children
* wealth
« activities Ad2Chs_7
Ad2Ch4_6
Composition 2007
Ad2Ch3 5
Ad2Ch2_4
Ad2Ch1_3
Ad1Chl_2
Ad3_3
Ad(>60)2_2
Ad(>60)1_1
Ad(<60)2_2
Ad(<60)1_1

Non-dom_1

Society Energy SE



UCL ENERGY |NST|TUTE University College London

Household formation model

Assume allocation of people to households based on history or some
assumed changes in the future

Households
households IThh
household type h
allocation of population Phia,g h)
MNumber of households

Mhht (h) = MNptlag) * Phia,gzh)

Society Energy SE
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Dwelling stock model

How will dwelling stock evolve with households?

Physical

Location

Form — detached, semidetached, terrace, flat, residential
Size — number of bedrooms etc.

Efficiency — insulation etc.

Energy system — boiler, heat pump, etc.

Need some mapping of households on to these variables, e.g. for form.

Dwellings dwellings Nd million
form f

allocation of household Pf(h)

Number of dwellings
Nd(f) = > [Nhh (h) * Pf(h) ]
35
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Carbon emission by energy service

Energy and carbon incurred:

Pers(P) Personal private consumption of at home and travelling
Pers(W) Personal at work

Prod’'n In production of goods and service

[

//// -45%
0% D
135% o
3
| 1]
0% o 2
1 25% 32 2
w g
- 20% E%
L 15% =Q
- 10% ;.-,.
Total_ % =
Pers (P) L Qo
Pes(W L. 0%
Prod‘n - + 8 E g
I £ &8 5 E & B
= = 5 = £ &
£ < £ 36
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Future UK dwellings: built form

How will the stock be altered and used to
accommodate different households?

* What social dynamics? - e.g. older
people often have capital and retain

large family houses after children Projection of dwellings from households Assuming
have left. unchanged population=>household probabilities
: 40
Effects of drivers:
* increasing wealth 35
 Increasing age H Resid
» Energy costs 30
A W Flat
25 -
= 20 B Terra
15
B Semib
10 -
3 B Detac
0
_ _ 2010 2015 2020 2025 2030 2035 2040 2045 2050 37
Society Energy Environment SEE




UCL ENERGY INSTITUTE

Society Energy

University College London ﬁﬂ

Future UK population, households and household size

More people

smaller households
more dwellings

more energy per person

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

K
}
b

1990 2000 2010 2020 2030 2040 2050
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2.50

2.00

1.50

1.00

0.50

0.00

Household size

-~ Population

Households

== Household size

SE
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Future building needs: EU population

Europe and global population stabilising over next 15-60 years

Europe population forecast — peaking around 2015
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Future building needs: Europe households

Smaller households

people/HH

T | |
4.5 —

0.5

0
1995 2000 2005 2010 2015

2020
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More households
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Ageing population
everywhere

Less developed regions

« Population growth about 3
billion (40%) percent to 2050

« number of households will
grow by about 1.6 billion (80 %)
- decreasing household size a
factor.

» Rapid urbanisation. China +0.4
billion more urban dwellers in 20
years; India, similar trend

Developed regions
* nearly static

Society Energy SE

World building needs

Billion
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