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Joshua New, Ph.D., C.E.M., PMP, CMVP, CSM

 Career

— 2009+ Oak Ridge National Laboratory, R&D staff

« ETSD, Building Technology Research & Integration Center (BTRIC), Building
Envelope & Urban Systems Research Group (BEUSR)

* Urban Dynamics Institute, Resiliency Team member
— 2012+ The University of Tennessee, Joint Faculty
« Education
— The University of TN, (2004-2009), Knoxville; Ph.D. Comp. Sci.

— Jacksonville State University, AL (1997-2001, 2001-2004)
M.S. Systemsé&Software Design, double-B.S. Computer Science and

Mathematics, Physics minor Certifications
« Professional Involvement * AEE, Lifetime Member
: + Certified Energy Manager
— [0)
IEEE, Senior Member (top 8%) * Certified Measurement &
— ASHRAE, defines international building codes Verification Professional
«  TC1.5, Computer Applications, Voting member and officer « PMI, Member

* Project Management Professional

+  TCA4.2, Climatic Information, Voting member and officer .
+ Certified Scrum Master

+  SSPC169, Weather Data for Building Design Standards

(24% of page count of building code), Voting member Artificial Intelligence
« TC4.7, Energy Calculations, Voting member and officer *  President’s National S&T Council's Machine
o _ Learning and Artificial Intelligence Subcommittee’s
¢ SSPC140 and ASHRAE Guideline 14 involvement Artificial Intelligence Consortium
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Energy Consumption and Production

U.S. Energy Consumption by Sector
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2016 to January 2017, Monthly Energy Review — Table
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| 124 million U.S. buildings
$380 hillion/yr energy bills

Goal of the DOE
Building Technologies Office:
30% energy reduction per sq. ft.
by 2030 compared to 2010 baseline

Building Energy Modeling — building
descriptions + weather = estimated
building energy consumption

$9B/yr — ESCO; $7B/yr — utility EE
$14B/yr — DR management systems
0.3% modified, BEM < 10% of those
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Building Energy Modeling
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g 180 (based on sampling of federal ESPC projects)
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3 o | - / 3,000+ building survey, 23-97% monthly error
Optimal Return on Investment o ASHRAE G4
(for building energy savings) P E— Requires

Energy Savings (%) 35% ——— Using Monthly CV(RMSE) 15%
) ) _ ) 3 30% —— utility data NMBE 5%
Simulation Engine and Analysis Platform S
U.S. Dept. of Energy g 2% g SEHERELITE AN CV(RMSE) 30%
) £ utility data NMBE 10%
$93M, 1995-~ S 20%
. ’ 15%
10% % o
5% L d e
® =
0% T T T T T T T T T 1
$0 $1 $2 $3 $4 $5 $6 $7 $8 $9 $10
En er g y P| us Op en St u d | 0 Project Investment ($ Millions)

Free, open-source (GitHub),
free support community (unmethours.com)
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HPC scalability for desktop software

CPU Wall-clock Data EnergyPlus

Cores Time (mm:ss) Size Simulations

Titan is the world’s

fastest buildings 16 18:14 5GB 64
energy model 32 1819  11GB 128
(BEM) simulator
64 18:34 22 GB 256
" 128 18:22 44 GB 512
>500k building
In <1 hour 512  20:43  176GB 2,048

1,024 21:03 351 GB 4,096
2,048 21:11 703 GB 8,192

130M US buildings

could be simulated 4,096  20:00 1.4TB 16,384
In 2 weeks 8,192  26:14 2.8TB 32,768
16,384  26:11 5.6 TB 65,536

SV RGNS of 32,768 31:29 115TB 131,072
DOE prototypes 65,536  44:52 23TB 262,144

(270 TB)

131,072 6808  45TB 524,288
OAK RIDGE | fuibing reguoLosies

National Laboratory | INTEGRATION CENTER




Calibration Performance — automated M&V

National HPC Resources Applied Research Industry and building owners

\ Results

ASHRAE
Autotune
G14
: Results
Requires

Monthly CVR 15% 1.20%
ut|I|ty LFie | NMBE 5% 0.35%

o Hourly CVR 30% 3.65%
J‘[ utility data fLLY:S 10%  0.35%

/ Results of 20,000+ Autotune calibrations

(15 types, 47-282 tuned inputs each)

|| B

Features :

» Calibrate any model to data p Other error metrics

» Calibrates to the data you have Residential Tuned input

(monthly utility bills to submetering) home avg. error
- : -  Runs on a laptop and in the cloud Within Hourly — 8%

High Performance Computing . 35 Publications: 30¢/day (actual  Monthly — 15%
« Different calibration algorithms http:/ /bit.lly /autotune science use $4.97/day) 3 bldgs, 879 Inputs
 Machine learning — big data mining « Open source (GitHub): h g
* Large-scale calibration tests http://bit.ly/autotune_code

Leveraging HPC resources to calibrate models for optimized building efficiency decisions


https://www.millennium.berkeley.edu/wiki/_detail/images:citris_small.jpg?id=citris

Model America 2020 - BEM for every U.S. building

LandScan
Population Model

e e

< 9

L } %08) S
Benchmarking ‘

Calibrated
Energy Model

Material Analysis 3D Energy Autotune Mode!
via Thermal/IR Model Creation Calibration
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What matters and how much?

* 100+ page internal report NDA/OUO

* New, Joshua R., Hambrick, Joshua, and Copeland, William A. (2017). "Assessment of Value
Propositions for Virtual Utility Districts: Case Study for the Electric Power Board of
Chattanooga, TN." ORNL internal report ORNL/TM-2017/512, December 15, 2017, 107 pages.

* Sensitivity analysis for all building types
* 80% of commercial buildings - 16 climate zones, 16 building types, averaging 5.75 vintages
» 281-4,617 building descriptors (e.g. thermostat, insulation level) were modified

Small  Outpatien Large Office Medium Office Hospital Warehous  Small Hotel Large

Office t e hotel
Inputs 458 3483 1072 760 1955 333 1823 887

Strip Retail Quick Service Full Service Mid Rise | High Rise Secondary Primary
Inputs 800 438 281 286 1464 4617 1621 1051

* Fractional Factorial (FrF2) resolution IV statistical design of experiments

 Summarize 768 lists of impactful variables

* 254,544 annual simulations were completed on the nation’s fastest supercomputer (Titan)
» 216 Excel spreadsheets were created listing the energy and demand impacts of each building
property

e Quantify Most Important Building Parameters
* Top 10 annual energy (kWh) and demand/peak-shaving (kW) variables for each of the 16 building types




Data Sources

* Database and image sources for urban model generation

— Satellite and airborne imagery
— Cartographic data

— Ground level images

— Elevation data
— Building information databases

— 3D building model databases

Short Title
Summary Satellite imagery, including panchromatic and multispectral images
Data type Image
Company
Website

Temporal resolution

Cities - 3-11 times per week

Spatial resolution 03m
Measure accuracy

Cost $11 per sq. km
Format GeoTiff
Mapping to building input Building footprints

variables

Mapping to area properties

Vegetated areas, road surface. buildings, parking lots

Mapping to material properties

Road pavement materials (e g concrete, asphalt). parking lots (e g | gravel soil)

Coverage of US

Over 10 million km~ of coverage of the contiguous US

Ormentation Aerial
Existing internal software N/A
Existing expertise Remote sensing data analysis tool
Restrictions N/A

Comments
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Automatic Road Extraction

: i SEAS ¥
e e W] R .. . © S ]
B vy b il ks 5 | Iy '7-»1

. < Sk %

-

|ij.ﬁ w

;,.‘S X

Al

BE ) XL

Fait b vl Wi
. e

5
Reb

¥ X
B0 qEEy ey El W
3 ! B PPy

.)ﬂ F -




Automatic Building Footprint Extraction

Algorithm: Deep Learning extended and using GPUs for fast building footprint and area
extraction over large geographlcal areas.

I\/IuIt| -company Competltlon PreC|5|on/RecaII - 30/35 Current PreC|S|on/RecaII — 60+/60+




Processing Street-Level Imagery — Jiangye Yuan

3D Building Model Generation




Prototype Buildings

Small Office Medium Office Large Office Warehouse

7

Outpatient Healthcare Hospital Small Hotel

Strip Mall Retail
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Street-level imagery (Lexie Yang)

Facade Type

Windows (blue)
Facade (green)
Street/open (black)
Other building (red)

Window-to-wall ratio

Input image Ground truth Model output



idge National Laboratory

Oak R




Oak Ridge National Laboratory (interactive)

4500N

Name: Central Research & Administration North
Year Built: 1952

Number of People: 450

Gross Square Footage: 363,980

Number of Floors: 3

Energy Usage (for visualization purposes only, data is inaccurate): 0.9

bit.ly/ernl_bu ildin_gs

CLIMATE CHANGE URBAN DYNAMICS
INSTITUTE

OAK RIDGE NATIONAL LABORATORY OARRIDGE NATIGNALLARGRATORY

BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND
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The University of Tennessee (2 days)

Name: Art & Architecture Buikding

Year Buit: 1900

bit.ly/ut_buildings

4

CLIMATE CHANGE URBAN DYNAMICS
SCIENCE INSTITUTE INSTITUTE

OAK RIDGE NATIONAL LABORATORY OAK RIDGE NATIONAL LABORATORY
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) RESEARCH AND
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Chattanooga, TN (100,000+ buildings)
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The AutoBEM technology “axe”

135,481 building models have been created and matched to EPB’s PremiselD

Limitations: limited building types, not calibrated, will improve quarterly
QA/QC: will show how close our simulations are to 15-min data

2.3 million EnergyPlus building energy models using AutoBEM technology, Titan, cloud,
and local servers to produce and analyze 13 TB of simulation data.

1.

O 0 N o U A W N

Generate baseline building — OpenStudio (1.5-3h Amazon, 30h internal)

Run ECM measures — OS Measure (30 mins AWS, 2h internal), Custom (1m AWS, 5m intl.)
Copy data to Titan — 1 min (1.2GB tar.gz)

Submit to Titan — 0-2 hours in queue

EnergyPlus simulation time — 30-45 mins (5mins/sim = 1.4 years to simulate EPB on 1 core)
Data transfer — 40 mins (160GB tar.gz)

Uncompress — 10-15 mins

Reformat data — 20-30 mins

Analysis — 5-10 mins

Time for creation, annual simulation, and analyzing “all” EPB buildings

6.5 hours (6.1h —36.5h)



Use Case - Scenarios

Preliminary building-specific estimates of energy, demand, and cost savings totaling
$11-$35 million per year based on 9 scenarios prioritized by EPB.

1. Peak Rate Structure
1. Scenario #1a, Peak contributions for each building
2. Scenario #1b, Cost difference, in terms of dollars per year, for all building

2. Demand Side Management

1. Scenario #2a, Monthly peak demand savings, annual energy savings, and dollar savings based on rate
structure for all buildings.

2. Scenario #2b, Location-specific deferral of infrastructure cost savings potential

3. Emissions
1. Scenario #3a, Emissions footprints for each building

4. Energy Efficiency
1. Scenario #4a, Optimal retrofit list of independent ECMs
2. Scenario #4b, Optimal retrofit package of dependent ECMs

5. Customer Education
1. Scenario #5a, Percentile ranking of each building’s EUI by building type and vintage

2. Scenario #5b, Monthly peak demand savings, annual energy savings, and dollar savings based on rate
structure for all buildings compared to AMY weather file scenario.



1a — Peak contribution percentile by type

Building ID

Area (m?)

Number of Floors
Color: Energy Use
Intensity (kWh/m?) by
building type
Min/Avg/Max by
building type




Virtual EPB - interactive results

60246

ID 60246
DOE Building Type SmallOffice
Num Floors 3
Percentile 87.70 %
Estimated wholesale vs retail cost $ 9797.07

222052.32
Ibs/year

Smart Thermostat - 4F cost savings $ 1316.61
Smart Thermostat - 8F cost savings $ 2325.84

TMY-=AMY Smart Thermostat - 4F
cost savings

TMY—=AMY Smart Thermostat - 8F
cost savings

HVAC Efficiency ECM $1291.79
Gas HVAC ECM $ 4276 69
Gas Water Heater ECM $ 72558
Heat Pump Water Heater ECM $ 476 95
Insulation ECM $73627
Infiltration ECM $ 1577 .50
Lighting ECM $ 2898 95

CO2 emissions

$ 204.99

$ 103.41




Virtual NYC — interactive results

Bidg_12210017046

Annual Jan Feb
Electricity/Savings Demand/Savings Demand/Sa

Baseline 41282530.14 kWh 8463.14 kW 842613k

Change
Elec Base 0.09 kWh 155.27 kW 323278 K
COP

Change
Lighting 5746916 23 kWh  975.65 KW

Power
Density

Change
Roof 68807296 kWh 26715 kW
Insulation

Change to
Elec Water -24140.75 kWh 152.50 kW 323001k
Heater

Change to
Gas Water 0.09 kWh 15527 kW
Heater

Change
Space 411236.67 kWh  176.59 kW
Infiltration

Smart
Thermostat 14573.47 kWh 15527 kW

ECM

oS € % (% Zy =
4 z. N 7 Se N
% 5 - ,\t\‘d ba % ? N " ~ ,,@’L
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Virtual NYC — interactive results

Savi ngs a cross 1 5 2 b u i I d i ngs building_id  Elec_savings (kWh) Jan (kW) Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec

12210000247 -25559.37 5852.94 4309.38 5366.97 6592.65 4262.77 870.72 457.84 431.46 2406.69 6587.84 6630.63 6242.57
. 12210000469 72130 2508 8907 15648 673 2660 16846 15048 451 744 622 639 1252
E=energy (MWh), D=demand (kW), [min,avg,max]
12210000518 270165 776 1762.35 3394.86  22.85 550.36 2560.03 2263.61 2697.12 709.85 7510 7433 000
) 12210000994 -8481.05 1055.41 905.72 990.42 1474.41 848.47 196.65 194.14 3.66 548.06 1276.96 1252.69 887.56
1. Smart thermostat 2.2C (4F) pre-condition
12210001156 -5736.16 1196.35 1000.11 1101.04 1673.10 954.47 222.70 215.54 216.98 671.15 1469.96 1418.45 973.81
= - 12210001197 54694 7719 407.63 100480 867 14351 88866 83073 90123 227.86 838 6938 000
E=[-72, 1.4, 525] D=[-938, 918, 13907]
12210001252 -42452.78 744043 5315.70 6722.96 8265.02 611335 51176 62595 115 4142.70 8232.69 7282.54 657238
o/ ff- H t 12210001490 -905.68 8.48 39.99 177.69 8.06 30.01 16.00 155.19 158.46 81.12 3.35 0.64 3.88
2. Natural gas water heater (80% efficien
12210002001 -16751.35 2353.22 1774.32 2166.91 3481.47 2139.86 229.42 419.27 3.45 1610.13 3238.90 2776.87 1857.80
E_[O’ O' O] D_[O' 772’ 13907] 12210002031 -1226.89 1.96 145.84 444.87 -0.66 9.45 -496.24 63.75 116.22 -111.25 10.52 49.65 0.00
12210002047 69242 2252 9976 37075 939 6411 347.40 34946 382.89 17984 1141 325  0.00
3- Heat pump Water heater (COP 2.2) 12210002150 3035 6050 25599 80649 348 6673 81278 68928 588 14768 396 7714 000
12210002629 -3701.09 882.04 839.96 797.77 1059.83 717.52 153.35 140.93 1.94 482.84 970.80 1050.46 741.97
E=[-184, -16.4, -2] D=[-30, 768, 13853]
12210003200 -28557.61 2563.00 2406.68 2510.02 2962.48 2202.89 357.32 419.56 410.43 1519.44 2886.95 3028.13 2298.47
. 12210003292 158351 430 131122 282654  9.47 44883 2200.25 191639 2278.23 61196 5675 8590  0.00
4. HVAC Efficiency (COP, 3.55 and COP_ 3.3)
12210003302 551082 119.63 214016 4235.07 3348 608.39 2922.95 2597.64 287636 866.10 10319 961 000
E— O O O D— O 772 13908 12210003314 -5708.34 491 244418 398202 071 264.42 1733.69 31591 49.63 39320 12.85 15836  0.00
—Y YN —LY ’
12210003317 -3372.72 111.52 510.91 1173.94 9.19 255.62 1086.71 950.19 1091.03 408.28 31.76 9.90 0.00
H h 1 ff' H f 2 12210003333 160488 196 8476 22198 528 644 2188 21290 2055 8206 234 521 015
5. Lighting Efficiency (0.85 W/ft?) SIS s s sm o oM kw05 e 23 sa o
12210003346 213177 541 147450 301975 1103 47457 2247.52 199623 2414.45 57755 4252 7495 000
E=[77’ 784' 6757] D=[23’ 999’ 14410] 12210003350 -891.15 54.48 119.26 163.76 6.54 16.33 187.35 170.99 3.96 9.51 5.52 7.50 9.59
12210003354 -17125.51 4898.93 4556.63 4387.42 5461.75 3512.42 38.73 682.57 661.52 2552.29 5508.01 5809.67 4086.09
N o
6. Infiltration (reduce 25%)
12210003379 75000 6394 30885 797.63 471 9705 79179 70129 669.47 647 473 6331 000
E=[40, 774, 4648] D=[-0.8, 840, 14020]
12210003383 2626.09 118.49 681.87 1367.29 25.09 224.15 1207.86 1043.81 2.29 341.70 64.43 95.22 0.00
- 12210003661 -42.89 7.47 88.91 223.08 6.93 15.57 23271 212.10 5.81 1.05 10.39 4.12 0.09
7. Insulation (R16.12 to R28.57)
12210003791 67658 183 10879 27389 462 -0.71 26611 1188 1069 5154 1246 3017 021
- - 12210004115 211615 2216 26501 74460 308 9642 759.76 51054 5795 5773 683 498 000
E=[12, 204, 1600] D=[1.9, 817, 13928]
12210004205 107038 8279 54531 122273 325 160.14 1072.99 87394 1449 4806 856 9929 000
12210004223 380.10 38.15 95.93 35441 15.05 76.17 337.95 319.08 361.81 192.99 36.14 1.04 0.00

12210004406 -2142.06 123.81 557.33 1385.46 15.95 27812 1199.00 1104.96 1282.00 _403.57 12.01 11.16 0.00
—— — — —————




— __P’:‘JL"O : ,..'ﬁ_ e -' V.
Oy SRS AR e P - M., : Por-
Ah m edxH'u Ssein .~ /f\\g_,__

-_,x,(._./

\"‘

-

““Univ.of Applled,Suences, o2 ;_43“_;_{"‘
Stuttgart Schelllngstrabe Germany =

Joshua New, Ph.D., CEIVI PIVIP CIVIVP

BTRIC, Software Tools & Models
Oak Ridge National Laboratory:

newjr@ornkgov

()
e
SRS
NG =
e
20 ]
ls)
[l
- f-?.%
S N, g:}
O (=mscoe | St o
e (oot llsic— < 5% &
ce (S =E E_’Jf\ﬂ R, -
=) /1cf:°====§,';p\ 5P -
i O I e
o = o S =

Centerfor‘SustalnabIe«E fgyTechn.(;Iogy{ﬁ’ '

1*«

N \r/HPC TooJ,s for
Modellng and’ Slmulatlon
Capturlng buﬂdmg@nergy consumptlon

Ohi RIDGE, =

National L'aboratory




Hochschule fur Technik Stuttgart

Center for Sustainable Energy Technology - zafh.net

Hussein, Ahmed, M.Sc., B.Sc.

Career
— 2017- Center for Sustainable Energy Technology - zafh.net
® Urban development and planning research group, institute of applied research. Urban
modeling and simulation with innovative district heating/cooling
® Active contribution to Annex 70 collaborative network and the H2020 Eu-funded project of
FLEXYNETS

— 2016-2017 The Cooperative University of Mannheim
® Electrochemical hydrogen compression and separation
® Studying the degradation of PEM-fuel cell components in automotive applications and e-
mobility

— 2013-2014 The German Aerospace Center
® Innovative thermal management of HT-PEM fuel cell stacks in automotive applications

— 2012-2013 MT-Energie GmbH and Hinneburg GmbH
® Anaerobic digestion of biodegradable wastes for sustainable biogas production
® Development of patented biological reactors for the production of biohydrogen

Education
— The University of Applied Sciences Offenburg, Germany, (2011-2014), M.Sc. Energy
Conversion and Management
— Alexandria University, Egypt, (2005-2010), B.Sc. Mechanical Engineering

Professiona] Involvement M= Research Center for Sustainable
— SAE active member Energy Technology - zafh.net
— Active reviewer for more than 10 journals, e.g. Energy and Buildings, JUEE, etc. Zﬂfh nEt
— Part-time ocean life and climate conservationist (Project AWARE foundation, Coral Reef :

Alliance, World Wildlife Federation WWF) 08



Hochschule fur Technik Stuttgart

SimStadt — 3D Urban Energy Simulation Platform

= Designed to serve city planners, engineering bureaus and energy suppliers

= Based on the open standard format of CityGML with modular features

= Capable of performing photovoltaic/solar potential analysis, heat
demand/environmental analysis with/without refurbishment strategy and district
heating network analysis for city districts, whole cities and regions

= Extensible to include future planning and operation scenarios

SimStadt

29



ochschule fur Technik Stuttgart

Heat Demand Calculation and Visualization

Monthly energy balance according to DIN V 18599 (ISO 13790)

Low data requirements: 3D city model, building age and building function
Results: heat demand and energy reference area per building / city district,
heat density map etc.

250 kWh/m?.a
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Hochschule fur Technik Stuttgart

Levels of Detail in Virtual 3D City Models

Project progress
NEW URBAN PROJECTS

31



Hochschule fur Technik Stuttgart

L

Region Chooser Tool for CityGML files

Simstadt Region Chooser

Columbus :
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Hochschule fur Technik Stuttgart

Assigning Building Physics Library

fly PhysicsLibraryEditor — O =
File Edit Admin access
Library I Constructions O
l
Construction type | Window type | Shading type
NYC Building Physics Library = | | NYC Building Physics Library
¥ One- to four-family homes NY % Beton intermediary floor
Global = https:,//wwwl.nyc.gov/assets/sustainability/downloads,/pdf ¥ Out wall B
¥ Multifamily, NYC ; Aerated concrete-25cm
Before 1945 =
ore = Aerated concrete-25cm)
1946 - 1980 -
After 1981 Aesrated concrete-25cm),
¥ Commercial, up to 7 stories NY)| Asrated concrete-23cm)
Before 1945 H Protected Aerated concrete-30cm
After 1946 2 — N
Aerated concrete-30c
¥ Commercial, greater than 7 sto é-' Validate retes conerse ™
Before 1945 = Aaratad concrata.20em ™
After 1046 U-value: 2,20 W/K.m*
» Commercial, very large NYC = .
Variant ID Description +
Materials O
AdvancedRefurbishment Advanced full refu
EffizienzHaus40 Energy label KiW E Name Ll T e el
(W/K.m) 7K}
EffizienzHaus55 Energy label KfW E > Brick
ric
EffizienzHaus70 E label KW E
izienzHaus nergy labe > Concrete
EnEV2016 EnEV2016 - Minim - R
Ground covering
MediumRefurbishment Medium full refurk B Inculation
E F heta
m h C_ -
= thers
P Plaster
* Stone
F Tile
> Wood
33
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Hochschule fur Technik Stuttgart

Assigning Usage Library

il UsagelibraryEditor - O X
File Edit Admin access
Usage Type
|
- _ =
¥ Building Usage Library = residential
ﬂ.l
residential & ;
office and administration e All residential buildings
. T
» education ! @
. ] Standard
event location A
hall !
P health care ! Occupancy | Intem Gains || Space Heating | Space Cooling | Domestic Hot Water | All Electrical Appliances | Ventilation
F haotel !
industry ! s ;
restaurant ! ( early properties N
* retail ! Occupancy density 0.0 pers/sqm -
¥ cport location ! =
. Usage days peryear 305 days
Usage hours per day 17 hours
E
Z
= 125
_CU =
% _ = 100
=] i Z 75
S 5o
o 5o
i B - ]
mpart Loy | =portts 0 1 2 3 4 5 6 7 B 0 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
I 34




Hochschule fur Technik Stuttgart

Analyzing the GML File

ﬂl]] SimStadt 0.9.1-SMNAPSHOT (master, rev. 78ed0f9, 2019-05-22) — Ch\Users\Ahmed.Hussein\workspace'\ TestRepository - x
Change Repository | | Project | Example || = ||+ New Workflow ~ Stop Run | Param. m' & Save
Heat Demand Analysis
——importCifyGmi=— CreateSimStadtModel Frep ing WeatherProcessor=— ——lrradianceProcessor=— =MonthlyEnergyBalonce=
] GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor
* | New workflow * N Mo validation > | Base > | Base L= Base = WU 2005 L= Standard Germany > | Base > | Base > | Base
CityGMLs: 0 ) fCityDoctoriodels 1 SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 Maodel+Weather: 1 Model+Weather+Irradiance: 1 SimStadtModels: 1
< ¥
validateAgainstXMLSchema Buildings Level of Detail Distribution
175
150
125
100
T
50
25
0
LoD 1 LoD 2 LoD 2 LoD 4

. max LoD 1 max LoD 2 . max LoD 3 . max LoD 4

« 152 buildings with total area of more
than 10,000 sf each

LoD 2 allows for adequate roof top
area utilization (e.g. photovoltaic
potential)

Files in current ...

Workflow Step | Project | Repository Root
Name 4 Last Modified ...

Kein Cantent in Tabelle
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Creating the SimStadt Model

ﬂl]] Sim5tadt 0.9.1-5NAPSHOT (master, rev. 78ed0f9, 2018-05-22) — C\Users\Ahmed.Hussein\workspace\TestRepository

- X
Change Repository || Project | Example = || = ||+ New Workflow ~ Stop Run [ Param. || Files || & ~ Save
Heat Demand Analysis
——importCifyGmi— CreateSimStadtModel Preprocessing —WeatherProcessor— ——irradianceProcessor— =MonthlyEnergyBalence=
@ GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor
* | New workflow * | No validation » il Base * | Base = | Base * | IWU 2005 * | Standard Germany * | Base * | Base * | Base
CityGMLs: 0 CityDoctorModels 1 ff SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 Model+Weather: 1 Model+Weather+Irradiance: 1 SimStadtModels: 1
< Y
assignmentStrategy | PreferBuildingPartsCverBuilding - \oknSisciBaddingsCoel
{ gmitd
clearEnergyAdeData |v' { type
i | A busdingFunction
maximallLod LOD2 - p —
minimalLod LOD1 -
{ simstadtBuilding
{ roofType
{_storeysaboveGround
{_storeysBelow Ground
|\ averagestoreyHeight
\{ stticHeating
{ basementHeating
{ GeoCoordinate |
nalid |
{ buiingGMLId )
-bmimwj {GeometryType [ oo
{ MULTISURFACE
LOD1
LoD }
1002
{ Vertex
Polygon
internalia
| {_ polygonidList
| A_surtaceType
exteriorArea
1 { sharedAres
2/ ith
o (_simstadtMode! o2y
Files in current ... 1 )
{ ves }—{ percentagerea |
- . SOnWROCKTONT TN 'he
Workflow 5tep | Project | Repository Root toiioce o
{_sunWindExposeaadjacency
Name 4 Last Modified ... {_ wingowRatio
{ I windowArea
{ simstadtBuildingPart e
. |\ (shormwaveRefiectance
infitrationRate |
shortWavelmadiance
- 1 UValve
{ Construction || constructionType =
{ thermaiCapaciy |
{{internatiad
{_surtaceraList
{ zoneGeoCenter |
{ cakuisteaZoneHeight
Kein Content in Tabelle grossZoneVolume |
{ heatedZonevolume
{_zoneFootprintArea
zoneSurfaceAreaToVolumeRato
Zone —
{ noOfOccupants
{ averageinternaiGains
{ heatingSetpointTemperature
-} heatingSetback Temperature
|_zoneUsage Type -
{ cootingSetpointTemperature 36
\{ awChangerate
usageHoursPerDay.

usageDaysPeryear
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Geometric Preprocessing

ﬂl]] SimStadt 0.9.1-5NAPSHOT (master, rev. 78ed0f9, 2019-03-22) — Ch\Users\Ahmed Hussein\workspacet\TestRepository - =
Change Repository || Project | Example || = ||+ New Workflow ~ Stop Run [ Param. || Files || & ~ Save

Heat Demand Analysis

——importCify Gmi=— S g —WeatherProcessor— ——lrradianceProcessor— =MonthlyEnergyBalance=
@ GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor
> | New workflow * | No validation * | Base > | Base E Base \_4 WU 2005 \_4 Standard Germany ‘ > | Base > | Base * | Base
CityGMLs: 0 CityDoctorModels 1 & | SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 Model+Weather: 1 Madel+Weather+Irradiance: 1 SimStadtModels: 1

BUILDING HEIGHTS

o
N~
(D - .
© Wall onentation
21.1 %
NE
E Anmuth [7] w
™
—
SW St
™ 5
- 21.1 % 29 %
0-100 100-200 200-300 300-400

* 46 % of building heights range from 0-100 m
and 43 % range from 100-200 m
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Building Physics Preprocessing

ﬂl]] Sim5tadt 0.9.1-SNAPSHOT (master, rev. 78ed0f9, 2019-05-22) — C\Users\Ahmed.Hussein\workspace\TestRepository

[ Param. | Files | & ~

Change Repository || Project | Example = || = ||+ New Workflow ~ Stop Run
Heat Demand Analysis
——importCify Gmi=— CreateSimStadtModel Prep L —WeatherProcessor— ——lrradianceProcessor— =MonthlyEnergyBalance=
@ GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor
> | New workflow * | No validation * | Base > | Base \_4 Base b WU 2005 \_4 Standard Germany > | Base > | Base * | Base
CityGMLs: 0 CityDoctorModels 1 & | SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 Model+Weather: 1 Madel+Weather+Irradiance: 1 SimStadtModels: 1
55
1 commercial
building with
0 -
3 maximum number
= of 7 storeys per
o 25 o <
5 building
Average size: ca.
1160 m*
LAAE e TR ] AT PN A tala THTTh
Banldirsg types
* 31 % of buildings were built between 1920-1940
* 24 % of buildings were built between 1960-1980

18 % of buildings were built between 1980-2000

Save
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Building Physics Preprocessing — Building U-value

ﬂl]] SimStadt 0.9.1-5NAPSHOT (master, rev. 78ed0f9, 2019-03-22) — Ch\Users\Ahmed Hussein\workspacet\TestRepository - =
Change Repository || Project | Example || = ||+ New Workflow ~ Stop Run [ Param. || Files || & ~ Save

Heat Demand Analysis
= —

——importCify Gmi=— D —WeatherProcessor— ——lrradianceProcessor— =MonthlyEnergyBalance=
@ GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor
> | New workflow * | No validation - > | Base L= Base *§ IWU 2005 B Standard Germany > | Base > | Base * | Base
CityGMLs: 0 CityDoctorModels 1 & | SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 Model+Weather: 1 Madel+Weather+Irradiance: 1 SimStadtModels: 1
< P

Mumber of buildings

6 a

L wealue [Wm'.K]

* 34 % of buildings have a U-value higher than or equal 1.9 W/m2.K
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Usage Preprocessing

ﬂl]] SimStadt 0.9.1-SMNAPSHOT (master, rev. 73ed0f9, 2019-03-22) — C\Users\Ahmed. Hussein\workspace!\TestRepository
[ Param. || Files | & ~ Save

= New Workflow ~ Stop Run

Change Repository | Project | Example -

Heat Demand Analysis
P i — WeatherProcessor=— ——IrradianceProcessor=— =MonthlyEnergyBalance=

——importCifyGml=— CreateSimStadiModel reprocessing
GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor
> | New workflow * | Mo validation > | Base > | Base > | Base * | WU 2005 Standard Germany Base > | Base * | Base
CityGMLs: 0 CityDoctorModels 1 SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 ) | Model+Weather: 1 Madel+Weather+Irradiance: 1 SimStadtModels: 1
G v
B s
z
z 5
]
%4
-
E
2 u
e oMy Bnd acmurdrITITior ra hacti b Lange G T wckrahon

Usages

* 54 % of buildings are office and administration buildings
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Weather Processing

ﬂl]] SimStadt 0.9.1-SMNAPSHOT (master, rev. 73ed0f9, 2019-03-22) — C\Users\Ahmed. Hussein\workspace!\TestRepository

- x

Change Repository | Project | Example > || = ||+ New Workflow ~ Stop Run [ Param. || Files | /& ~ Save
Heat Demand Analysis
——importCifyGml=— CreateSimStadiModel Preprocessing — WeatherProcessor=— ——IrradianceProcessor=— =MonthlyEnergyBalance=
GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor @
> | New workflow * | Mo validation > | Base > | Base > | Base * | WU 2005 * | Standard Germany > }l Base > | Base * | Base
CityGMLs: 0 CityDoctorModels 1 SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 ) | Model+Weather: 1 Madel+Weather+Irradiance: 1 SimStadtModels: 1
G

-
Irradiance [W/m®]

Temperature [*C]

: | | %

iy — ape e ohieT [ ]

p— [ H— [Ty i m i et ki Bicksbir [rrapree Db
Month Jnany Wruany e g ] e gt b Ciob TN el

Maximum temperature recorded on July @ 25 °C Maximum irradiance recorded on June @ 225 W/m?
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Irradiance Processing

ﬂl]] SimStadt 0.9.1-SMNAPSHOT (master, rev. 78ed0f9, 2019-05-22) — C\Users\Ahmed.Hussein\workspace\TestRepository - x
Change Repository | Project | Example = || = ||+ New Workflow ~ Stop Run [ Param. || Files || /& ~ Save
Heat Demand Analysis

——importCify Gmi=— CreateSimStadtModel Frep ing WeatherProcessor frragianceProcessor =MonthlyEnergyBalance=
GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor @
* | New workflow * | Mo validation * | Base > | Base > | Base * | WU 2005 * | Standard Germany > | Base *l Base > | Base
CityGMLs: 0 CityDoctorModels 1 SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 Maodel+Weather: 1 | Model+Weather+Irradiance: 1 SimStadtModels: 1
& w
Export PNG Export CSV =
Radiation Model INSEL_Hay - Bae £ £
Displayed variable Display mode
Azimuth Resolution 5 Irradiance - Urban raster | | Building view || Density map
Tilt Resolution 5 =T iszizan Color bar Layers options
Max Tilt 100 . v Iso curves
S| ]
¢ number < 0 >
. A )
Yy, EEETE R v/ Color Map )
> g * "%’ i | r——
sl . =d || Continucus
$ ~_l 35502804 ‘
o ’ . 35575295
‘ Map options 4
35647726
. N - ’ -66.662,66
A 35720277
) 35702768
wn -63.212,84
Q 5{7‘ < 55,865,259
Files in current ... > h @ Diplayalluiinas
~ —_ -
R O 3583775
Workflow Step | Project | Repository Root 4 c |
SN é - 36.010,241 :
Name 4 Last Modified Size (kB) = ¢ 7
.
I6.082.732
36155223
~ -
6227714
o 36300205
36,372,606
Kein Content in Tabelle o
/ » . 36.445,187
€.}
BEITETE
36.580,169 EI
[ ¥:30158472 - y : 65 20273 | | |
< . 666266 Irradiance
: 42
14 300,561,053 300.683,502 300.806131 3008928667 301.051.200 301173748 301256257 301.418326 3015413565 301.663504 301.735443 301.908982 302031521 30215406 302276599 302399138 302521677 302644216 : W/m?* Refresh
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Monthly Energy Balance - Heating

ﬂl]] Sim5tadt 0.9.1-5NAPSHOT (master, rev. 78ed0f9, 2019-03-22) — C\Users\Ahmed.Hussein\workspace\TestRepository - X
Change Repository | Project | Example || = |+ New Workflow ~ Stop Run [ Param. || Files || /& ~ Save
Heat Demand Analysis
——importCifyGmi—— CreateSimStaditModel Preprocessing —WeatherProcessor— ——irradianceProcessor— =MonthlyEnergyBalence=
GeometricPreprocessor PhysicsPreprocessor UsagePreprocessor @
* | New workflow * | No validation * | Base > | Base * | Base * | WU 2005 * | Standard Germany * | Base * | Base »fl Base
CityGMLs: 0 CityDoctorModels 1 SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 SimStadtBuildings: 152 SimStadtBuildings: 152 Model+Weather: 1 Model+Weather+Irradiance: 1 || (] SimStadtModels: 1
< >
calcMode HEATING - Charts | Maps Export PNG Export CSV  ~
chype IWU_NUTZUNG - Displayed variasle Display mode
Heating demand - Urban raster | | Building view | | Density map
writelnselModel
o Color bar Layers options

128 v Iso curves

o,
. ‘ [ number .!
ﬁ Q A -
‘ v Color Map )

’ V , tm‘crs e = | [ Continuous]

4
@, % Q%f’ “ ‘ Map options 4
“a
A = |

Files in current ...

Increase

Workflow Step | Project | Repository Root
Name 4 Last Modified Size (kB)

Oberstadtd736_use_case_6_stadt 2019.05.07 17171 2 \

Oberstadt4736_use_case_6_stadt 2019.05.07 17:11 12

only large buildings_DIN18500 H 2019.06.17 16:04 57

only large buildings_DIN18599_H 201906191351 0 ‘t

whole district_DIN13599_Heating 2019.06.17 11:36 2

» Color: Specific annual energy
consumption (kWh/m?Z.a)

whole district DIN18599_Heating 2019.06.1711:59 0

[ 2301 037.03 -y - 65 840,45 ]

Heating demand

4 » 36.662,66
B B e B e e B B B e e e e I e e B e e B e e B e AT
053 200.683,502 200.206131 300.028,67 3201.051,200 301173748 301.206,287 301.4182826 301.541365 201.663.004 301.726442 301.008,082 302031521 30215406 302.276500 302300138 302521,677 302644216 302766755 kWh,l'mz.yr Refresh
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Photovoltaic Potential

ﬂlh SimStadt SMAPSHOT (master — rsvAhmed.Hussein sitory — ®
Change Repository | Project: | Example > || = ||+ New Workflow - Stop Run [ Param. || Files || & ~ Save
——imporiCityGmi— CreateSimStadtMode! Preprocessing —WeatherProcessor— ——irradianceProcessor— =PhotovoltaicPotentiol—
GeometricPreprocessor @
* | New workflow * | Base » | Base * | Base » | Base > | Base > | Base *l Roofs
CityGMLs: 0 CityDoctorModels 1 SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 152 Model+Weather: 1 Model+Weather+Irradiance: 1 || A SimStadtModels: 1
< 3
v Included surfaces Charts | Maps | 30 Vie Export PNG Export CSV
LOD1 W Tilted roofs [ Public roofs Displayed vetiskile Displyimode
Facades  [Wf Flatroofs W Private roofs PV suitability - Urban raster | | Building view || Density map
- Building Surface Suitability ol Color bar Layers options
3521284
= I
Minimum surface area 40 m* 5285337 Vi sT_(urves
> be <
Minimum roof insclation 1100 | KWh/m*.a A fumesr .—
Minimum facade insolation | 800 | KWh/m®a 35357822 v/ Color Map i
o <. | ~ |
v PV System Parameters 35430313
mode
Module / flat rocf area 30 | % Max flat roof elevation | 10 | §5.502.804
Open street m
Module / tilted roof area | 40 | % Module efficiency 15 | %
Module / LOD1 roof area | 15 | % Performance ratio 85 | % a0 L Map options 4
Madule / facade area 5 | % Moduletilt on flatroof | 25 | ° .
35,647,736 -66.662.66
v PV Economics 55720277
Self consumption | 30 | % Operating costs | 1,0 | %/ a B
q) 35.792.768
Feed-in tariff 70 | c€/kWh Cost of capital 20| % N -65.212.84
Electricity costs 290  cEfkWh ® 55865259
Installation costs | 1600 | €/kWp o Dizelay,all building:
(&) 3503775
36010241
Potential power 14 584kWp Suitable surfaces 1196
Patential yield 16 892MWh/a Calculate hourly values 36082732
36.155.223
56227714
T 36300205
Files in current ...
Workflow Step | Project | Repository Root el
Name 4 LastM o » Total PV potential yield = 16.89 sasss a7
ly large buildings_inseldb_H: tential. 20190...
only large buildings_inseldb_Hay_pv_potential.csv GWh/a 58517678
i H 36.590.169 EI
[ x:301093.82 - y - -65506.00 | o
L e ————— T B 44
14 300561053 300.683592 300.806,131 30092867 301.051.200 301.173,748 301206287 301.418,826 301541365 301663904 301786443 301008982 302031521 30215406 302276590 302399,138 302521677 302644216 : Refresh
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Comparison

Data used for simulation

Simulation time

Energy Balance Assessment

Source of building usages and
year of construction

Source of weather data

Source of building types

SimStadt

3D CityGML XML-based data
developed with LiDAR remote
sensing

Average 1 min. per 150
buildings. Also depending on
how much attributes are being
processed

DIN V 18599-10 within
integrative approach using
average monthly climate data
and air temperature
dependency with regressive
interrelation

PLUTO data dictionary
provided by the Department of
City Planning (DCP)

INSEL weather database
(Hourly interpolated values
from a database with long
term monthly average values
for the air temperature TMY3)

One City Built to Last,
technical working group report
developed by the city of New
York

AutoBEM

3D CityGML XML-based data
developed with LIiDAR remote
sensing

Average 7 mins. And 47 secs
per building

The standard used was
determined from "YearBuilt"
and sorted into one of 6
categories:
DOE-Ref-Pre-1980
DOE-Ref-1980-2004
90.1-2004

90.1-2007

90.1-2010

90.1-2013

PLUTO data dictionary
provided by the Department of
City Planning (DCP)

TMY2 of NYC

< 50,000 sf is small

> 50,000 sf, < 3 floors is med

> 3 floors, is large

If res. > comm., high rise apart.

Increase roof insulation by
50 % in very large
commercial buildings

LPD reduction by 25 % in
office and administration
buildings

Increasing cooling
setpoint temperature by 6
K in residential buildings
plus reducing infiltration
losses by 60 % in
residential buildings

ONLY reducing infiltration
losses by 60 % in
residential buildings

SimStadt

Reduction on annual heat
consumption by 2.4 %

Reduction on annual heat
consumption by 3 %

Annual heat demand
reduction by 12 % and
annual cool demand
reduction by 63 %

AutoBEM

Total savings of 1.3 %
(average demand saving
across 12 months: 25.4
%), from 0.034-0.065
depending on roof type

Total savings of 6.1 %
(average demand
savings across 12
months: 19.6 %)

Total savings of 13.1 %
(average demand
savings across 12
months: 24 %)



