Urban Building Energy Models

UBEMSs developed from BEMs and can simulate the energy exchanges of
multiple buildings simultaneously. The data needed to run these models
includes the form (morphology, materials) and functions of each building and
their layout (geography).

In effect, they can simulate neighbourhoods and provide links between the
climate (including urban effects) and energy demand. As such they can be
integrated into larger scale models.

Much of the data they need overlaps with that needed by other models but
the software used by UBEMs is distinct.

How best to integrate architectural/building models into climate models?

https://www.youtube.com/watch?v=046GkHSYVYE
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common UBEM tools



Five Levels-of-Detail (LoD) provided by CityGML in building modelling: Take
one of RWTH institute buildings as an example. Own representation after
Lowner et al. (2013)
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Approach 1: Map building typologies to create neighbourhood databases

Tabula Building

Typology
Building
Archetypes
Census
Household 4
Data ildi
® GIS Platform (QGIS) & bl
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. Observations
Google Earth Google Street Google Earth
Pro View 3D
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The urban landscape could be sampled strategically (based on geometry, LCZ
types, age of construction, etc.) to acquire details on the building stock. The
challenge here is to devise a suitable typology that could be used across cities
and cultures.



Representative photographs of the nine common Tabula types.



Type Construction Energy
period Rating

(3) Terraced house

(7) Terraced house

(9) Terraced house

N=2760
(17) Terraced house

N=1235
(25) Terraced house

(38) Apartment block

(39) Apartment block

Pre- 1900

1900-1929.

1930-1949

1978-1982.

1994-2004.

1994-2004

2005- 2010

Uninsulated brick
325/225 mm thick.

U=1.64/1.41
Uninsulated brick walls
325 mm thick.

U=1.64
Solid mass concrete

Uu=22
300 mm walls, partially
filled

u=11
Cavity walls, partially
filled

U=0.55

Block with part filled
cavity walls 300mm
thick.

U=0.55

Solid reinforced
concrete externally
insulated.

U=0.27

Front pitched with 100mm of
mineral wool in ceiling joists/
Rear pitched roof no insulation.

U=0.4/23
Pitched roof with 50mm of
mineral wool in ceiling joists.

U=0.68
Pitched, insulation between the
joists

U=0.68
Pitched, insulated between the
joists

Uu=04
Pitched, insulated between the
joists

U=0.36
Flat roof with insulation.

U=0.35
Flat roof with insulation.

U=0.22

Single glazed, wooden frames.

Glazed fraction 6%
U=4.8
Single glazed , wooden/steel frame

Glazed fraction 6%
U=4.8/5.7
Single gazed, metal frame

Glazed fraction 6%

U=5.7

Double-glazed, metal frame, 6 mm
gap

Glazed fraction 9%

U=3.7

Double glazed, PVC/wood, 12 mm
gap

Glazed fraction 10%

U=2.8

Double-glazed, air filled windows
with 12mm gap, wood/PVC frames.

Glazed fraction 10%

U=2.8

Double-glazed, air filled windows
with 16mm gap, wood/ PVC
frames.

Glazed fraction 40%
U=2.0

352 (0)
95 (R)

624 (0)
178 (R)

392 (0)
106 (R)

311 (0)
117 (R)

177 (0)
119 (R)

175 (0)
63 (R)

145 (0)
6 (R)



Ground Floor Sobd Red Brick House 1900

Internal Floor Red Back 1900

Solid Red Back Pastition

Extemnal Red Back Wall

Semi-Exposed Ceding Red Brick house 1900

Pitched Roof Red brick 1900

Combined external foor - Uninsulated - Medwurn weight (data modified when loaded to file)
Red Brck Single Glaze Glass

A typical row of houses in the case-study area (left) and a graphic
decomposition of its fabric components in Design Build.
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The geography of Tabula building types across the city centre N=25,000.



Approach 2: Create neighbourhood typologies based on LCZ types

LCZ 3-D Models, Philadelphia, PA

Land Use
Residential Low

Residential Medium
By fesidendsl Hioh LCZ 1: Compact high-rise
I Commercial Consumer

'Y Commerical
Business/Professional

I Commerical Mixed Residential
I industrial

I Civic/institution LCZ Z_Pal'tll Compact mid-rise LGZ 2_Part2: Compact mid-rise

Transportation
I Culture/Amusement
%/, Active Recreation
I Park/Open Space
7/, Cemetery

Water

I vacant

%, Other/Unknown

LCZ 5_Part2: Open mid-rise

LCZ 4: Open high-rise

LCZ 3: Compact low-rise

Hashemi, Farzad



A parametric approach for investigating canopy
heat island effects on building energy
performance: a case study of seven U.S. cities

1: Albuquerque, NM in Mixed-Dry region
2: Denver, CO in Cold region

3: Duluth, MN in Very Cold region

4: Philadelphia, PA in Mixed-Humid region
5: Phoenix, AZ in Hot-Dry region

6: Portland, OR in Marine region

7: San Antonio, TX in Hot-Humid region

Step 1:
LCZs
Classification
System

Step 2:
The UWG
Scheme

Step 3:
The Urban Building

Energy Modeling

(UMI) tool

Step 4:
Comparative
Data Analysis

Create 2-D LCZ
Maps

Create High-
resolution 3-D LCZ
Maps

Y

Simulate UHI and
generate modified
weather data (MTMY)

_____________

Y

Simulate urban
heating/cooling
energy consumption

_____________

Y

Data analysis for all 7
case studies

] Results from
: Step 3

E GIS Shapefiles

Weather Data
(TMY 3) and
LCZs data sheets,

MTMY and
Building typology
templates

The proposed study workflow




Building Energy Modeling (BEM)

Table 24 Window Overall U-Value (Btu/h-ft*-°F) by Reference Building Vintage

Table 25 Window Solar Heat Gain Coefficient by Reference Building Vintage 90.1-2004 90.1-1989 New
90.1-2004 90.1-1989 New. Location Climate Zone Table Pre-1980 Post-1980 | Construction
Location Climate Zone Table Pre-1980 Post-1980 Construction Miami, FL 1A 8A-15 1.22 1.22 122
Miami, FL 1A 8A-15 0.54 0.25 0.25 [ X 2A 8A-10 1.22 1.22 1.22
TX 2A 8A-10 0.54 0.25 0.25 Phoenix, AZ 2B 8A-18 1.22 1.22 1.22
Phoenix, AZ 28 8A-18 0.54 0.25 0.25 Atlanta, GA 3A 8A-8 1.22 0.72 0.57
Atlanta, GA 3A 8A-8 0.54 0.25 0.25 Los Angeles, CA 3B-CA 8A-6 122 122 0.57
:::s 3"9""’::‘ 3358{;:\ ;:f g-: g-g‘; g-;: Las Vegas, NV 3B-other 8A-14 122 122 0.57
‘ e Y o s e o o San Fr CA 3C 8A5 1.22 072 122
i 0% : T 7Y BAZ5 o 0136 ) ?altlmore. MD 4A 8A-25 1.22 0.59 0.57
Albuquerque, NM 8 8A-23 0.54 036 039 e, NM :g g:'fg 1;2 g-;g g':;
eattle. o p & 4
U.S. Department of Ener: Seattle, WA 4c 8A-19 0.54 0.39 0.39 ]
p 2 9y Chicago, IL 5A B8A-26 0.41 0.39 0.39 Chicago, IL 5A 8A-26 0.62 0.59 0.57
Commercial Reference Denver, CO 58 8A-28 0.41 0.39 0.39 Denver, CO 5B 8A-28 0.62 0.59 0.57
ildi i is, MN 6A 8A-33 041 0.39 0.39 Minneapolis, MN 6A 8A-33 0.62 0.52 0.57
BUI!dlng que_ls of the Helena, MT 6B 8A32 041 0.39 0.39 Helena, MT 6B 8A32 0.62 052 057
National Building Stock Duluth, MN 7 8A-36 041 049 0.49 Duluth, MN 7 8A36 0.62 0.52 057
L S : Fairbanks, AK 8 8A-38 041 NR NR Fairbanks, AK 8 8A-38 0.62 0.52 0.35
Michael Deru, Kristin Field, Daniel Studer,
Kyle Benne, Brent Griffith, and Paul Torcellini e
Nati 2 - 2 Table 18 Wall Constr by g Type
lational Renewable Energy Laboratory Table 21 Mass Wall U-Values (Btu/h-ft*°F) by Reference Building Vintage
Building Type Pre-1980 Post-1980 New Construction
Bing Liu, Mark Halverson, Dave Winiarski, 90.1-2004 AL Fost-13508 | ENewiConstuction
and Michael Rosenberg Climate | 90.1-1989 | Btu/ X Btu/ 5 Btu/ : Small Office Steel frame Mass Mass
prexs K| o > ey ]
Pacific Northwest National Laboratory Eocation £ons Table | A |WmEK| hetF | WimtK || hAtioF | Wim'K Medium Office Steel frame Steel frame Steel frame
i Miami, FL 1A 8A-15 | 0.230 [ 1.306 | 1.000 | 5678 | 0580 | 3293 Large Office Mase Mass Mass
Mehry Yazdanian Houston, TX 2A 8A-10 | 0230 | 1.306 | 0340 | 1931 | 0580 | 3.203 PR preTr— ey St
Lawrence Berkeley National Laboratory Phoenix, AZ 28 8A-18 | 0.230 | 1.306 | 0410 | 2328 | o580 | 3293 ot
A ‘Atlanta, GA Ty A8 0225 | 1278 | 0290 1647 0.151 0.857 Secondary Schoo-I Steel frame Steel frame Steel frame
Formerly of Lawrence Berkeley National Laboratory Los Angeles,CA_ | 3B-CA | B8A6 | 0230 | 1306 | 1.000 | 5678 | 0151 | 0857 Stand-Alone Retall Steel frame Mass Mass
Las Vegas, NV 3B-other | BA-14 | 0230 | 1.306 | 0.290 | 1647 | 0580 | 3.203 Strip Mall Steel frame Steel frame Steel frame
l?ruryr?ra;ﬂrlilaeyu T . San Francisco, CA 3c 8A5 | 0224 | 1272 | 0490 | 2782 | 0580 | 3.293 Supermarket Mass Mass Mass
ormerly of the U.S. Department of Energy Baltimore, MD aA 8A25 | 04178 | 1011 | 0120 | 0681 | 0580 | 3293 Quick Service Restaurant |Mass Wood frame Wood frame
Albuquerque, NM 4B 8A23 [0184 [ 1045 | 019 [ 1079 | 0151 | 0857 Full Service Restaurant  [Steel frame Steel frame Steel frame
Seattle, WA ac 8A19 [ 0175 | 0994 | 0100 | 0568 | 0.151 | 0.8s7 Small Hotel Steclfame StealTane Slealfame
Chicago, IL 5A 8A-26 | 0.156 | 0.886 | 0.100 | 0568 | 0.151 | 0.8s7
Large Hotel Mass Mass Mass
Denver, CO 58 8A-28 [ 0161 | 0914 | 0140 | 0795 | 0.151 | 0.857
Minneapolis, MN 6A 8A-33 | 0.145 | 0.823 | 0071 | 0403 | 0123 | 0698 Hospital Mass Mass Mass
Helena, MT 6B 8A32 | 0.145 | 0823 | 0079 | 0449 | 0123 | 0.698 Outpatient Healthcare Steel frame Steel frame Steel frame
Duluth, MN 7 8A-36 0.136 | 0.772 | 0.061 0.346 0.123 0.698 Warehouse Metal building Metal building Metal building
Fairbanks, AK 8 8A-38 0.125 | 0.710 | 0.047 0.267 0.104 0.591 Midrise Apartment Steel frame Steel frame Steel frame
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Overview

The first approach requires the identification of the location of buildings
and allocating these to types — the building templates profiles for each
type is generated.

« Creating international typology a challenge.

« LCZs in this methodology could be used to sample the urban
landscape but it would need to be supported by detailed urban GIS
data.

« Census information on age of buildings could speed up the process,
which is laborious.

The second approach provides a direct link to the LCZ scheme and
could be used to generate a variety of neighbourhood typologies that
match with the LCZ types.

« Creating international building typologies.

« Developing neighbourhood typologies to math LCZ parameters.

« Drive simulation using local scale weather data.



