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Learning Objectives

* Understand how climate models can be used to modify *.epw files
for building simulation.

* Describe the impacts of changing weather conditions on building
energy use in Chattanooga, TN.

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.
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Building Energy
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Buildings consume 73% of the nation’s electricity

Source: U.S. Energy Information Administration, January
2016 to January 2017, Monthly Energy Review — Table
2.1,

125 million U.S. buildings Building Energy Modeling — building
$412 billion/yr energy bills (2019 descriptions + weather = estimated
building energy consumption

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

2020 Building Performance Analysis Conference and SimBuild



Outline/Agenda

 Building Energy/Building Energy Modeling

* Virtual EPB Project (Electric Power Board of
Chattanooga, TN)

* Climate Modeling

2020 Building Performance Analysis Conference and SimBuild



Building Energy Modeling - Process

Digital Twin of every U.S. building

Methodology: Scalable compute, data, simulation, and empirical validation

4. Establish partnerships and APIs
for scaIabIe data retrieval

1. Quantitatively rank most
important building inputs

Sensitivity Analysis

2. Time on world’s #1 fastest
hlgh performance machines

Databases

Demonstrate and stimulate GEB opportunities
toward a sustainable built environment

HPC2, Software 4-5, Software 1-2
5. Algorithms to extract 6. Create BEM
building properties data and models

atio

7. Make BEM info
freely avaiIabIe online

Fomre .|

3. Identify and compare data
sources for |mportant mputs

@t Q W lTﬂ Download BEM via

Use cases:

Simulation-
informed analysis
Sales/market leads
Utility program
formulation

Rate structures
Resilience
Automated
financing
Business model
evaluation
Climate model
simulation
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Climate Modeling — Climate Zones

Moist (A)

v

Climate zones based on
18+ years of quality data
from 8,000+ met stations

Brattleboro
Cincinnatti

Most state building codes Covenig
based on weather data ‘ ;
from 1961-1990

Chattanooga

Redefining climate zones,
include trends

O
TABLE 301.3(2) INTERNATIONAL CLIMATE ZONE DEFINITIONS

THERMAL CRITERIA i v
JJone AL R Heating Degree Days;
1 9000 < CDDS0°F o HDD= Z(Tbm_ <7, >)
2 6300 < CDD50°F < 9000 ) miami 1
3A and 38 A SR g Thase = 18°C (65°F)
4A and 48 Eer i S S Updated every 4 years (2021)
- Lt L 2017 - Climate Zone 0 (extremely hot): . _
4Cc 3600 < HDDB5F < 5400 10.800 < CDD 50°F Cooling Degree Days:
5 5400 < HDD65°F < 7200 ’, .
s 7200 < HDDGSF < 9000 Int’l Energy Conservation Code (IECC) cop=Y (<T,>-1,,,)
7 9000 < HDD65°F < 12600 adopts for 2018 code
5 12600 < HDD65°F Tpase = 10°C (50°F)
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Climate Modeling — Climate Zones

Clustering-based Climate Zones (K=5): HadGCM A1FI 2050

Contemporary Period

Clustering-based Climate Zones (K=5): HadGCM A1FI 2100
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Climate Modeling — RCP Scenarios
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3
nﬁ' Climate Modeling — Model Outputs

Dry Bulb Temperature Per RCP

& Project CMIPS
g . Model MRI-CGCM3
L= ‘ ; ‘ Modeler | Meteorological Research Institute
: Experiment 2.6,45,6,85
| ' i — o Modeling Realm atmos
= | - T T Ensemble rlilpl
e | + Version 20120119
§ (0°CX9/5)+32:32°F? —
rcpEﬁ‘,QOBO rcp?ﬁl,2045 rcp?ﬁ‘JmO rcp45I,2030 rcp4512045 rcp45‘,2100 rcpﬁ,IZOQO rcpﬁ,‘2045 rchJQWOO rcp85‘,2030 rcp&5l2045 rcoﬁﬁiQWOO
RCP
Variable Long Name Variable Short Name | Unit
Near-Surface Air Temperature tas K (0K -273.15)x 9/5 + 32 = -459.7°F
Surface Downwelling Shortwave Radiation rsds Wm-2
3.1549 W/m? = 1 BTU/Hour*Ft2
Surface Diffuse Downwelling Shortwave Radiation rsdsdiff Wm-2
Surface Air Pressure ps Pa 1 Pa = 0.00014503773 Psi
Near-Surface Specific Humidity huss 1




Climate Modeling — Energy Use/Demand

Total Energy Use Residential Cooling Energy Use

18200.0
5500
181500
)
18100.0 5000 5
18050.0
£ =
E —e—RCP26 4500
I3 18000.0 — o E
—— X
£ 179500 % 4000 —8—RCP 26
R e g —8—RCP 45
] ® RCP 8.5 -
2 —1 @ —e—RCP6
17850.0 —@— Base 2015 = 3500
/ T 2 3 RCP 8.5
—o—TMY /. .
17800.0 —@—Base 2015

IECC C
W
8
(=]

17750.0 ~— ——TMY
17700.0 2500
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110

Year 2000

2000 2020 2040 2060 2080 2100 2120
Year

Aggregated Monthly Demand

Residential Heating Energy Use
3.00 6000
5500
250
5 = 5000
2200 i e
= % 4500 —e—RCP26
5 Z /
£ —e—RCP_26_2100 g —@—RCP 45
8 150 = 4000
2 —e—RCP_85_2100 E —8—RCP6
5 =
$ 3500 \. RCP 8.5
1.00 Z
S —8—Base 2015
@
= 3000 )
—a—TMY
050
2500 o
0.00 2000
) F A ) ) s N b 2000 2020 2040 2060 2080 2100 2120
Month Year

2020 Building Performance Analysis Conference and SimBuild



% Next Steps

 Commercial Buildings simulation using FMY files for
Entire US

e All US Climate Zones



202 QUESTIONS?

Brett Bass
bbassll@vols.utk.edu
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