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The built environment: from unit to city-scale



Dynamic Building Energy Simulation:

Characteristics:

• 3-dimensional 

representation of building 

form and heat transfer

• Solution of energy balance 

equations at small 

intervals (e.g., hourly) over 

an entire year

Caveats:

• Requires 3D building 

geometry data

• Requires sensible inputs 

for hourly energy services 

demand



Westminster Annual Heat Intensity



Spot Check 1: Polygon G9527333 - Office

(NE Corner of Regent St. and Great Marlborough St.) 

• This polygon 

represents the top 

three floors of the 

corner suite (14.5 m in 

height). It is an office 

situated above a 

Banana Republic retail 

outlet

Google StreetView

GIS DataGenerated IDF (Wei’s script)



Spot Check 2: Polygon G9532901 - Office

(NW Corner of St James Place, Alongside Hyde Park) 

• This is a complete 

building with partial 

exposure on side 

facades, and full 

exposure on front and 

rear facades.

Google StreetView

GIS DataGenerated IDF (Wei’s 

script)



Spot Check 1: Polygon G9527333 - Office

(NE Corner of Regent St. and Great Marlborough St.) 

Input Data (as sampled)

Variable Value

Floor Area (m2) 517

Shape Area (m2) 517.5

Number Floors 1

Vertical location top

Floor height (m) 13.5

Wall U value (W/m2K) 0.9286659

Ground floor U value (W/m2K) 2.963241

Roof U-value (W/m2K) 2.504509

Window U-value (W/m2K) 5.610624

Window SHGC 0.6

Window-Wall-Ratio 0.4420269

Infiltration rate (ACH) 0.478629

Variable Value

Occupant Density (m2/pers) 9.009009009

Occupant Metabolic Rate (W) 123

Lighting Intensity (W/m2) 15

Equipment intensity (W/m2) 11

Gains Schedule File GAINS_OFF.csv

Makes Use of Daylighting? 
(1=yes,0=no)

1

Required illuminance (400 lux) 400

AC or NV? NV

Setpoints Schedule File SETPTS_OFF.csv

Veniltation Rate (ACH) 0.01

Heat Recovery (1=yes, 0=no) 1

DHW requirements (L/pers/day) 0.2



8



9



Geothermal Potential Around Buildings

Borehole Length:150m



Necessary Features and Associated Challenges

• Desired Features: 
– Transportable; 

– Incremental; 

– Usable;

– Physics based, w/ individual buildings and streets as unit of analysis;

– Calibrated to better represent reality;

– Incorporation of first and second order uncertainties is important!

• Challenges: 
– Scaling up (or scaling down) is prohibitive; 

– Data/information is often incomplete or not available; 

– Model fidelity is difficult to gauge/prove;



approximately 15,000 social households in Manchester, UK
Sponsor: City West Housing Trust

SUSDEM: Stochastic Urban-scale Domestic Energy Model



Analogy: populations

UK housing stock:

Retrofit options

Energy saved

UK population:

Medical procedures

QALYs



Clustering 
Households by 
Structure & Age



Hierarchical Urban Scale Analysis
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3) A sample from the 
posteriors in (2) is used as a 
parameter (e.g. µxy) to define 
the 1st-order uncertainty for 
each calibration parameter 
for each cluster

2) For each cluster, priors of 
the calibration parameters 
are estimated to represent 
2nd-order uncertainty. These 
distributions are then 
calibrated to create 
posteriors.

1) The housing stock is split 
into separate sub-groups or 
"clusters" of homogeneous 
dwellings, e.g. flats and semi-
detached houses

Flats

Flats

θ1 = γ(µ1a, σ1a)

θ2 = N(µ2a, σ2a)

Energy demand for 
flats

Semi-detached houses

Semi-detached houses

θ1 = α(µ1b, σ1b)

θ2 = β(µ2b, σ2b)

Energy demand for 
semi-detached houses

2nd-order 
uncertainty

1st-order 
uncertainty

Clustering





The Promise of 
Data….

- The owners do 
not have access 
to relevant 
information :/



Data Collection



DCLG’s EPC Register

Summary (Domestic sector)

• Includes building construction 
information (wall type, window 
type, etc.)

• Includes heating system type

• Needs translation of qualitative 
information into quantitative model 
input parameters

Inputs for Energy Model



DECC’s Sub-national energy statistics

Annual Observations, but by districts (not individual houses)



GIS Mapping Databases 



Data Generation



Generating Virtual Data for Calibration

Quantity of Interest

Macro-level Data

Energy Use Intensity per 

Dwelling Type

Prior 

Beliefs



Two Conflicting Sets 
of Priors

EUI of 1914–1964 semi-detached houses

with two separate sets of priors

Priors from recent studies





Incorporating rebound effect
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Implications for the Green Deal
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Cost 

Effectiveness 

ratio = 1

Uncertainty in Cost-

Effectiveness of  

Retrofit Measures

Cost-effectiveness plane of 5 retrofit measures 

for 2,300 semi-detached houses built in 1914-45



Predicted Energy Demand by Local 

Authority
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Influence of subsidies on investments 
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Valuation of improvements
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U = NPVTOT + β .CO2 + λ.T 
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