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Anthropogenic Heat Flux
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» Waste heat discharged by human activities Sources
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QF+ OH_OG

lamarino et al. (2012) Int. J. Climatology
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QR' short & long wave radiation received internally

Qfy - metabolism
Qg1 — transport

Sinks

= Sensible heat
= [atent heat

= Waste water

Timing of heat release
* |nstantaneous
" |agged

Location of heat release

* Building openings: vents, windows
* Building materials: walls, roof

" Vehicles
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City/ Country Goals N
&P Reading

* Reduce carbon emissions
* City design
* Traveltowork—can be reduced
* Solar access
* Building materials/standards
* Sources of energy
* Distance energy is transported (source/usage)

* Renewable energy
* Requires rapid feedback
* What can be stored
* When is the peak demand
* Modify energy peaks - change some behaviours

Smith and Grimmond s.t.smith@reading



BACKGROUND N
B9 Reading

* Anthropogenic heat flux
* Energy released from human activities
* Buildings
+ Transportation Decreasing importance/size

* People
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Total Anthropogenic Heat Flux
University of
@ Reaecsiinog
* Canvary wildly across a large city at peak hours/days
* From<10W m™ - residential area

* To >1000W m=? - inthe dense central business district area

* If we consider these values with other surface energy balance (SEB) fluxes
* Measurements (errors, uncertainty, measurable terms)
* Modelling (errors, uncertainty)

* Can be insignificant to the most significant term
* Summer residential vs winter time high latitude business distorict

200 m grid [40632]

Bl 0.1-4.3 [13207]

B 4.3-9.7 [11524]
9.7 - 15.8 [8565]
15.8 - 24 [4443)

24 -35.8 [1701]
35.8-52.9 [583]
52.9 - 78.4 [267]
78.4 - 109.6 [157]
I 109.6 - 164.5 [165]
Bl 164.5- 223 [20]
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Annual Average Modelled using GreaterQF (lamarino etal. (2012) Flux Wm= [ # 200 m x 200 m grids]
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Decisions
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* Individual — millions made every day
* Impact: wide range of areas
* Daily operations:
* Building operations
* e.g. closing of the conference centre
* i.e. Work hours
* Acceptable temperature range
* Transport

* Building design decisions (can open windows? insulation? Encourage use of stairs?)
* Planning decisions (e.g. what is within the vicinity, transport networks)

* City (e.g. resilient systems? Energy infrastructure, Business/Industries)

* Country (e.g. Carbon neutral, energy infrastructure, natural resources)

* International (e.g. EU requirements, international agreements)

Intersection of wide range of decisions —made over a large
range of time scales - influencing wide range of spatial scales

Smith and Grimmond July 2015: ICUC9 s.t.smith@reading.ac.uk



London: Anthropogenic Heat (W m~2) 2005-2008
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Source Sector Sink

Electricity
3.0 T

Domestic
4.6

Natural Gas
5.4
Industrial
4.1

Other fuels
0.24

Road fuels
1.65

Metabolism

Motorcycles Q.02 |
Taxi 0.05%
Personal Cars 1.05
Bus&Coaches 0.13 Wastewater
1.3

L'S]‘u'r
Freight Rgleliils]le
HG\V-Artic.

0.55

lamarino et al. (2012) Int. J. Climatology
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Modelling of

observed/modelled
weather

Decisions olsE

> Q
| Qs+ Qp-Qs
Q
Fm % o
Qrs

! Qrr
R Bee LH & s

lamarino et al. (2012) Int. J. Climatology

Qr models

BEM* Transport Humant

Below
Ground

Interface - python

T

Surface Characteristics
UMEP - QGIS/python preprocessor

Agent-Based
Model

*BESTEST - TRNSYS, but can
change as modular code

Smith and Grimmond

SUEWS v015a (January 2015 status)

T.RH.KLU.p | P JRee — 8

T Temperature K1 Outgoing shortwave
RH Relative humidity Lt Outgoing longwave
K| Incoming solar radiation L| Incoming longwave
U Wind speed Q* Net all wave
p Station pressure

u* friction velocity

P Precipitation L Obukhov length
r resistance
P snow processes r, aerodynamic
r, surface

LAl - leaf area index

Qg Anthropogenic | Piped water
AQg Storage S Change in Storage
S¢ canopy
Ss soil
Qg Latent E Evaporation
R Runoff
R From canopy
R, Infiltration
Ryipe Pipe
RagAbove ground
Rps Deep soil
Re2c grid to grid

Qy Sensible

Surface Urban Energy and Water Balance Scheme
UMEP Urban Multi-scale Environmental Predictor
QGIS Quantum GIS http://www.qgis.org/en/site/

TComfort and activity as
drivers by population type

2015: I1CUC9
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LUMPS  Local scale urban parameterization scheme



Dynamic nature of Qr

Agent Model with 2 types by work destination @ UniverSity Of
.
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* How long energy remains high in the central city

e Whenresidential use start to increases

Smith and Grimmond s.t.smith@reading



Urban Energy —Water - Carbon

University of
How to observe Qf - model comparison? ¥ Reading

Q*=Kl- KT +Li- L1
PAR

S

Radiation Carbon

lllllllll

Feigenwinter et al. (2012)
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Swindon:

Estimate of anthropogenic emissions

B Building energy use
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building heating, traffic and
human metabolism combined
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Carbon Dioxide Fluxes and Emissions
Central London — Residential Swindon - Forest
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O Summer, High Occ.

B Summer

O Winter, High Occ.

B Winter
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Final Remarks v2015b

observed/modelled
weather

SUEWS v015a (January 2015 status)

T.RH.KLU.p | P JRee — 8

T Temperature K1 Outgoing shortwave
RH Relative humidity Lt Outgoing longwave
K| Incoming solar radiation L| Incoming longwave
U Wind speed Q* Net all wave

p Station pressure

u* friction velocity

> Qexs
; }Mﬂ; P Precipitation L Obukhov length
Qe ol |, Below r resistance _
s i |;: Ground P snow processes r, aerodynamic
: gwmw_
R Bop L7 & s LAl - leaf area index

Qg Anthropogenic | Piped water

AQg Storage S Change in Storage
S¢ canopy
Ss soil

Qg Latent E Evaporation

R Runoff

R From canopy

Q, Sensible R Inﬂlt.ration

= Ryipe Pipe

Surface Characteristics RasAbove ground

UMEP - QGIS/python preprocessor Rpos Deep soil
Re2c grid to grid

lamarino et al. (2012) Int. J. Climatology

Qr models

Interface - python

BEM* Transport Humant

Agent-Based
Model

=~ -Data Led Process

*BESTEST - TRNSYS, but can tComfort and activity as
change as modular code drivers by population type

Smith and Grimmond 2015: I1CUC9 s.t.smith@reading



Two PhD positions available
(UK -/ EU —if beenin UK for 3 + years)
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