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www.ashrae.org/volunteer

BECOME A FUTURE LEADER IN ASHRAE —
WRITE THE NEXT CHAPTER IN YOUR CAREER

ASHRAE Members who are active at their chapter and society become
leaders and bring information and technology back to their job.

YOU ARE NEEDED FOR:
Society Technical Committees
Society Standard Committees
Chapter Membership Promotion
Chapter Research Promotion
Chapter Student Activities
Chapter Technology Transfer

Find your Place in ASHRAE and volunteer

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 CES Records for AIA members. Certificates of Completion for non-

AIA members are available on request.

This program is registered with the AIA/CES 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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Learning Objectives

Explain difference between weather and climate
Recognize climate change scenarios
Explain impacts of urban heat islands on diurnal temperature

Explain impact of climate change on energy performance in
different climate zones
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U.S. Buildings Energy Use

Commercial Buildings Energy End-Uses 2017

Heating, 12.0%

Refrigeration, 10.7%

Ventilation, 8.5%

Cooling, 8.2%

Lighting, 8.1%
Office Equipment, 5.9%

Computing, 5.7%

Water Heating, 3.7%

Cooking, 3.2%

Other Uses, 34.1%

US Energy Information Administration. 2018. Annual Energy Outlook 2018 EIA-0383 (2018) (2017 data)
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Weather = Climate

Weather:

the state of the atmosphere with respect to wind,
temperature, cloudiness, moisture, pressure, etc.

Climate:
the composite or generally prevailing weather
conditions of a region, as temperature, air pressure,
humidity, precipitation, sunshine, cloudiness, and
winds, throughout the year, averaged over a series of
years.

Solar Radiation Research Laboratory (BMS)
August 31, 2008

Irradiance
Meteorological
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Mountain Standard Time

Global PSP [W/m™2]1 —— Tower Ory Bulb Temp [deg C1 —— fivg Wind Speed @ 10ft [mds)
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12-month moving average
Anomalies relative to 1951-1980 mean

Global Mean Temperature

CC BY-4.0
Robert A. Rohde (@rarohde)
Berkeley Earth (www.BerkeleyEarth.org)

12-month moving average, 95% confidence range
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BEing Performance Simulation fo
and Operation

Released January 2011, 2" Edition April 2019

Endorsed by IBPSA

Contents:

1 Building performance simulation - challenges and opportunities
2 Thermal load and energy performance prediction

3 Ventilation performance prediction

4 People in building performance simulation

5 Indoor thermal quality performance prediction

6 Weather and climate in building performance simulation

7 Daylight performance pred:

8 Moisture modeling and durability assessment of building envelopes:
recent advances

9 Computational modeling in architectural acoustics
10 The role of simulation in performance-based building
11 BIM and BPS: a case study of integration cost metrics and design

Building Performance
optio Simulation for Design

12 Building simulation for po upport

o
13 Building simulation for practical operational optimizati Clnd Opero flOn

14 Modeling and simulation in building automation sy

15 HVAC systems performance prediction

16 Micro-cogeneration em performance prediction

17 Modeling in building-to-grid integration

18 Modelling HVAC and renewable energy plant and control

19 A view on future building system modeling and simulatic

20 Integrated resource flow modelling of the urban built envi nent
building energy modeling
physics simulation for climate change adaptation of buildings

and urban areas
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Requirement:

ation Applications and Climatic
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Simulation Application

Type of weather data required

Energy design and compliance analysis of
fully-conditioned buildings

Typical (full year) hourly data

Performance of un- or seml- conditioned
buildings

Typlcal data not adequate -require application specific data (e.g., warm
summer, multi-year data)

Equipment sizing

Design-day or short period calculations using near-extreme conditions

Madel calibration, building trouble
shooting, control optimization, and actual
savings estimation

Weather data observed during the study period at or near the building site

Engineering studies (e.g., hours when
economizer is feasible)

Simple weather information (e.g., bin temperature data)

Natural ventilation design

Local wind conditions highly variable - airport data often unreliable for
other sites. Locally measured wind data.

Daylighting studies

Hourly illuminance data usually sufficient for sensor-control lighting
systems but sub-hourly data often required for visual comfort or control
dynamlcs.

Renewable energy systems

Solar-electric systems require short-term data and spectral variation of

incident solar radiation. Wind turbine systems require sub-hourly wind

velocity data. (Standard hourly data may produce unreliable results for
systems with non-linear characteristics.)

Climatic

Bata £ /;ai|f1|';i|1i/

In the past, usually only available from ground observing stations
= Rarely includes solar data

= Temperature/humidity data generally robust.

= Wind data is problematic - extremely variable due to terrain and site

obstructions.

Other data can be limited or incomplete.

Now, more sources incorporate remote sensing (satellite) data.
Accuracy is quite good. Advantage - comprehensive global data,
relatively decent grid. Not dependant on ground stations.

In general master data sets such as those from NOAA /NCEI are
near-real-time. Data is posted within a few days to weeks.

But design conditions and data for simulation often require
summary and further calculations before it can be use

= Design conditions based on historical period of record

= Ground observing stations (near real-time data) do not record solar

radiation.

10 February 2020
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Design Conditions

Used for design sizing of heating, ventilating, air-conditioning,
and dehumidification equipment, as well as or other energy-
related processes in residential, agricultural, commercial, and
industrial applications.

Includes as a minimum dry-bulb, wet-bulb, and dew-point
temperature, and wind speed with direction at various
frequencies of occurrence.

Typical annual percentiles* used:
99.6% heating dry-bulb temperature and
1% cooling dry-bulb temperature with coincident wet-bulb.

Depending on the application, use other percentiles (99, 0.4, 2, 5)
or variables (wind speed, dewpoint, wetbulb, etc.). Monthly
cooling percentiles also available (0.4, 2, 5, 10).

*Percentiles represent number of hours that the design condition can be expected to be exceeded in a typical year, based
on15-30 years of data. 99.6% ~ 35 annual hours (8760 - (99.6% * 8760)). 1% ~ 88 annual hours (8760 - (1% * 8760)).

Design Conditions (cont’d)

Best source for design conditions:
Chapter 14 Climatic Design Information,

ASHRAE Handbook-Fundamentals:

® 8,118 locations through the world

® Integrated Surface Dataset (ISD) data for stations
from around the world provided by NCDC for
the period 1990 to 2014
Updated every four years

Climate changing!
Comparing design conditions for 1274 locations

between 1977-1986 and 1997-2006:
= 99.6% annual dry-bulb temperature increased 1.52°C
0.4% annual dry-bulb increased 0.79°C
annual dew point increased by 0.55°C
HDD base 18.3°C) decreased 237°C-days,
CDD base 10°C increased 136°C-days.
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Average Decadal Changes

(-

Last 30 Years’

WSHRAE 2017 Handbook Fundamentals

ocations
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2017 ASHRAE Handbook - Fundamentals (IP)

damenta

s Design Conditions

© 2017 ASHRAE, Inc.

CLEVELAND HOPKINS INTL, OH, USA WMO#: 725240

Lat 41.405N  Long 81.853W  Elev: 770 stP: 14.29 Time Zone: -5.00 (NAE) Period: 9014 WBAN: 14820
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Humidification DP/MCDB and HR Coldest month WS/MCDB MCWS/PCWD
Lottt Heating DB EEE 5% 04% 1% 10 80 6% DB
006% | 99% DF__| HR_ ]| mCDB DF__| HR | MCDB WS__ | MCDB WS__| _MCDB | MCWS | PCWD
(a) () (<) (d) (e (f) (9) (h) [ (1) (k) (1) (m) (n) (o)
(1 1 4.6 10.0 -3.4 4.7 6.6 1.4 6.1 11.8 28.5 31.2 26.1 29.0 10.6 220 1)
Annual Cooling, Dehumidification, and Enthalpy Design Conditions
Hottest Hottest Cooling DBIMCWB = Evaporation WB/MCDB = MCWS/PCWD
Month Month 0.4% 1% 2% 0.4% | 1% 2% 10 0.4% DB
DBRange| DB | MCWB | DB | MCWB | DB | MCWB WB_| MCDB | WB | MCDB | WB | MCDB | MCWS | PCWD
(a) (b) (¢) (d) (e) (f) (9) (h) (i) () (k) () (m) (n) (o) (p)
(2) 7 16.9 89.4 73.6 86.8 72.2 84.2 709 76.1 85.3 7486 831 731 81.1 111 230 (2
Dehumidification DP/MCDB and HR Enthalpy/MCDB Exiroime
04% | 1% | 2% 0.4% | 1% 2% Max W8
DP T HR T mMcoB [ DP [ HR [ McDB [ DP [ HR | MCDB Enth | MCDB | Enth | MCDB | Enth | MCDB
(a) {0) (c) (ad) (e) (f) (g) (n) (1) (1) (k) () (m) (n) (o) [£:2]
(3) 731 126.7 81.2 71.8 120.7 79.5 70.3 114.9 781 39.9 85.5 384 83.1 371 81.3 840 3
Extreme Annual Design Conditions
Exireme Annual Temperature n-Year Return Period Values of Extreme Temperature
Extigms Al WS Mean Standard Deviation n=5 years | n=10 years | n=20 years | n=50 years
1% 25% 5% Min Max Min Max Min Max Min Max Min Max
(n) (o) (p) () (c) (d) (e) (f) (g) (h) () [#7) (k) o (m)
(4) 246 21.0 189 [ b8 | -14 93.4 6.9 2.9 -6.0 95.5 -10.1 97.2 -14.0 98.8 -19.0 1009 9
5 WB -1.8 79.0 6.7 2.0 -6.6 80.4 -10.6 81.6 -14.4 82.7 -19.3 84.1 (s)

Z0) | 793l

damenta

s Design Conditions

Annual | Jan | Feb | Mar | Apr May Jun | Jul | Aug | Sep | Oct | Nov | Dec |
(d) (e) (r) (g} (h) () (i) (k) (2)] (m) (n) (o) (p)
® DBAvg | 513 282 301 38.0 496 598 692 73.0 716 645 537 430 330 (9
@ DBSWd | 1817 1141 1029  11.21 985 863 7.08 550 524 7.00 818 926 969 (7
(8 Temperatures, | HDD50 | 2626 681 561 406 127 12 0 0 0 1 53 251 534 (g
(9  Degree-Days | HDDG5 | 5801 141 977 840 473 211 40 4 7 92 362 661 993 (9
(10) and CDD50 | 3085 4 4 34 115 317 577 714 670 437 167 40 6 (1
(1~ DegreeHours  "opngs| 786 0 0 3 10 51 167 253 212 78 12 0 0
(12) CDH74 | 6183 0 0 13 103 462 1354 2003 1544 545 68 1 0 2
13 COHao | 1779 0 0 1 16 114 414 668 429 132 5 0 0 13
(149 Wind WsAvg | 9.5 1.3 107 10.6 10.3 9.1 8.3 8.0 7.4 8.2 9.3 105 108 (149
(15 PrecAvg | 36.90 220  2.20 2.90 320 360 350 350 340 350 260 320 300 15
(16) o PrecMax| 53.80 440 4.70 5.20 660 010 010 910 000 730 560  8.80  8.60 (15
I Prechin | _18.80 040 0.50 0.90 120 1.00 060 _ 070 050 _ 070 0.0 _ 0.80 1.0 (1)
(18) PrecSd | 6.40 100 1.00 100 120  1.70 __1.80 150  1.80 150 140 170 _ 1.20 (19
(19) G DB 617 629 75.2 825 8.9 009 933 013 800 802 700 620 (19
29 Monthly Design MCWB | 561 54.1 61.4 644 704 731 768 754 719 666 601 569 ()
(@1 Dry Bulb % DB 558  55.2 68.0 77.0 834 879 897 87.8 837 753 651 565 (21
(22) and MCWB | 522 493 57.0 61.0 684 726 744 733 700 633 571 522 (a3
(299 Mean Coincident [ DB 501 494 62.5 720 796 850 866 847 800 71.2 61.4 513 (23
@ WetBulh MCWB | 458 436 54.1 500 666  71.0 726 719 684 617 549 476 (29
(25) 0% DB 436 444 56.3 66.9 752  81.7 837 819 765 672  51.6 465 (25
(26) MCWB | 39.8  39.9 49.7 565 642 696 713 707 667  59.1 51.5 427 ()
= - ... - -
(27 G wB 566 558 62.6 679 738 764 788 780 750 694 626 575 (27
29 Monthly Design MCDB | 605 612 73.0 772 829 864 895 876 835 775 674 608 (25
(29) Wet Bulb "~ w8 527 503 58.7 640 709 745 767 754 724 658  58.7 533 (29
(30) and MCDB | 558 547 66.2 74.1 80.0 843 868 834  79.6 726 637 561 (g
(31 Mean Coincident WE 463 447 549 606 685 728 747 740 705 631 555 4790 @0
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@liimatic Data in Building Performance
[ . " .
yvimulation

= Climatic data needed for simulating

representative performance from a single year
analysis.

TMY (Typical Meteorological Year) approach is — Loy s611980)
most widely used- a composite of months (not =E bty

all from same year), each representative for the RS
period of record. ISO Standard 15927-4 uses this
method.

Months selected using statistical of indices
(daily min, mean, max) dry-bulb temperature,
dew-point temperature, wind speed, and total
global and direct solar radiation. Each method
varies the weightings of the indices based on Dy Gioal Hofzeria Redten (V)
their importance.

IWpical Meteorological Year Hourly Data

= Best for:
= Comparison of alternatives during design

= Compliance with building standards/codes and green building rating
system points

@ Limitations:
= No explicit effort to represent extreme conditions
» Files not intended to represent design conditions (can be mild)

16
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l'ypical Meteorological Year

'N":iiyl' r Data Sets / val :il'J‘f

Weather Data Sets Number of

Acronym | Name Locatlons
c1z2 California Climate Zones 2 16 California
CWEC Canadian Weather for Energy Calculations 80 Canada

Geographic Coverage

Chartered Institute of Building Services Engineers
Test Reference Years and Design Summer Years

Chinese Standard Weather Data 270 China

14 United Kingdom

Chinese Typlical Year Weather 57 China

Italian Climate data collection ‘Gianni de Giorgio® 66 Italy

" P K A
T ey gii | Wodnej Weather 61 Poland

Israel Meteorological Service Weather Data for Israel 4 Israel

Indlan Soclety of Heating, Refrigerating and Alr-

Conditloning Englneers >8 indla

Iranian Typical Meteorological Year 6 Iran

International Weather for Energy Calculations v2 Worldwide (except USA and Canada)

National Institute of Water & Atmospheric Research 16 New Zealand

Representative Meteorological Year 80 Australia

Spanish Weather for Energy Calculations 52 Spain

Belize, Brazil, China, Cuba, El Salvador, Ethiopia, Ghana,
Solar and Wind Energy Resource Assessment 156 Gi ; Kenya, Maldi Nicaragua, and Sri
Lanka

Typical Meteorological Year 3 1020 USA, Guam, Puerto Rico, US Virgin Islands

Typical Meteorological Year 13,000+ Worldwide (data up through 2018)

/ ri||,1! Neather Data

Actual hourly weather data required to calibrate to utility bills in
existing buildings and subsequent evaluation of retrofit alternatives.

Many sources - some providing near-real time data and/or
prediction:

NOAA /NCEI/WMO Data Center

Weather Bank

Weather Source

Weather Underground

Biggest issue - how complete are the data - does it include
temperature, humidity, wind, solar radiation?
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l'ypical vs. Actual
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WPC C Climate ( |’|,'.;|",r_Jr: Scenarios

@ Four major storylines developed to incc
represent different demographic, social, oG, e o MGTe chanee
economic, technological, and ™ :
environmental developments.

Updated for each Assessment Report,
latest AR5 was released in 2013

Four emissions scenarios, called
Representative Concentration Pathways
(RCPs) derived from the storylines -
RCP2.6, RCP4.5, RCP 6.0 RCP8.5-
represent the range of potential climate
impact

FIFTH ASSESSMENT REPORT OF THE
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

Renge of Annual Average Temperature

Change Predicted

Global average surface temperature change
-

Mean over
2081-2100

: e historical
[ e RCP26
| === RCP8.5

RCP4.5

RCP26 EIM

19
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Ereating Future Climatic Data

Methods

» Dynamic downscaling
s Physics-based model used to downscale global climate model results

= Analogue scenarios

= Find existing locations with comparable data to the predicted climate change scenario
results

= Time series adjustment (morphing)
a Shift and stretch the existing data to match the predicted monthly change

= Statistical models

a Stochastic model trained on observed data adjusts data based on altered frequency
distributions of weather variables

T MYZ2 Data Morphed with Climate

Change Scenarios

Los Angeles CA USA TMY2 Autumn Novermber 23 Climate Change

Scenario Diurn|
ne Temperatures  Temperature (

Remale Higher
Scenario Delta

Temperature (+)

Temperature, C

=== Existing Dry Bulb Temperature
A1F1 Dry Bulb Temperature
A2 Dry Bulb Temperature
B1 Dry Bulb Temperature
B2 Dry Bulb Temperature

= = =
o o o

10:00 AM
11:00 AM
11:00 PM
12:00 AM

Hour of Day
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Sterling VA (Washington Dulles Airport) TMY2 Spring April 10 Heat Island

Temperatures Remain
Higher after Sunset

a

Lower Daytime

Temperatures Remain
Temperatures

Higher until Sunrise

Temperature, C
5

== Existing Dry Bulb Temperature
Low HI Dry Bulb Temperature
High HI Dry Bulb Temperature

10:00 AM
11:00 AM
10:00 PM
11:00 PM
12:00 AM

Hour of Day

Example Predicted Change

USA VA _Sterling-Washington.Dulles Typical Year Standard and Climate Change Scenarios,
Source Energy Heating:Gas

Reheat:Gas
Cooling:Electricity
Fans:Electricity

= Lights:Electricity
Plug Loads:Electricity
SHW:Gas

© =) N N
S S o o

End-Use Energy Consumption (Megajoules/m2)
(=2}
o

20

Predicted Monthly Primary Energy End-Use Consumption, in MJ/m2, in Washington, DC, USA for Baseline and Four Climate Change Scenarios
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AsSnapshot of Results:

"

yité Energy Decreases

/
USA_VA_Sterling-Washington.Dulles Standard and Climate Change, Site Energy

Heating:Gas
Reheat:Gas
Cooling:Electricity
Fans:Electricity

= Lights:Electricity
Plug Loads:Electricity
SHW:Gas
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BUt Source Energy Increases Due to
@liimate Changes = Increased Emissions

USA_VA_Sterling-Washington.Dulles Standard and Climate Change, Source Energy gzﬁgg?g;:

Cooling:Electricity
Fans:Electricity

= Lights:Electricity
Plug Loads:Electricity
SHW:Gas

End-Use Energy Consumption (Megajoules/m2)
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Low-Energy Buildings Can Mitigate
lmpacts of Climate Variation

USA_VA_Sterling-Washington.Dulles Low Energy and Climate Change, Source Energy

Heating:Gas
Reheat:Gas
Cooling:Electricity
Fans:Electricity

= Lights:Electricity
Plug Loads:Electricity
SHW:Gas
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source Energy Impacts Even Higher in
ter Climates
SGP_Singapore Standard and Climate Change, Source Energy

BHeating:Gas
OReheat:Gas
®Cooling:Electricity
®Fans:Electricity
OLights:Electricity
BPlug Loads:Electricity
BSHW:Gas

End-Use Energy Consumption (Megajoules/m?)
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Low-Energy Buildings Also Mitigate

lmpacts in Tropical Locations
SGP_Singapore Low Energy and Climate Change, Source Energy

BHeating:Gas
OReheat:Gas
mCooling:Electricity
BFans:Electricity
DOlLights:Electricity
DPlug Loads:Electricity
BSHW:Gas

End-Use Energy Consumption (Megajoules/m?)

( - - - : :
souirce Energy in Northern C:
Even Lowel
CAN_NU_Resolute Standard and Climate Change, Source Energy

BHeating:Gas
DReheat:Gas
mCooling:Electricity
BFans:Electricity
OlLights:Electricity
BPlug Loads:Electricity
BSHW:Gas

End-Use Energy Consumption (Megajoules/m?)




Low-Energy Buildings Mitigate

Impacts in Coldest Locations

CAN_NU_Resolute Low Energy and Climate Change, Source Energy

End-Use Energy Consumption (Megajoules/m?)

BHeating:Gas
DReheat:Gas
mCooling:Electricity
BFansElectricity
OlLights:Electricity
BPlug Loads Electricity
BSHW:Gas

Largest Changes:

EGY_Cairo Typical Year Developing and Climate Change
Scenarios, Source Energy

Heating:Gas
eheat Gas.
CoolingElectricity
ans:Electici
= Lights:Electricity
Plug Loads:Elecricity

5 2

-Use Energy Consumption (Megajoules/mg).

St

20

End-

USA_VA_Sterling-Washington.Dulles Typical Year
Standard and Climate Change Scenarios, Source Ene_peangcss

=

20

End-Use Eneray Consumption (Megajoulesimg)

Monthly End Uses

USA_CA_Los.Angeles Typical Year Standard and Climate
Change Scenarios, Source Energy.

~Lighis:Electity
Plug Loads Eiecticly
SHIGas

Sy

20

End-Use Energy Consumption (Megajoules/m2)

™Yz
&
su

SGP_Singapore Typical Year Standard and Climate Chanae
Scenarios, Source Energy ey
Cama ity
g Londs oty

End-Use Energy Consumption (Megajoules/i?)
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Climatic data is critical for building design (equipment and systems sizing)

For building performance simulation, typical (TMY), actual, and future weather support
building evaluation

= Some question of whether single TMY is enough (research on XMYs underway)

= Rich resources of data now available - both ground observing stations and satellite data.

Climate change scenarios can be represented today by modifying existing hourly weather
files
= Buildings in higher latitude climates (north and south) will likely see decreases (heating decreases more
than cooling increases)
Buildings in tropical and semi-tropical locations will see increases - but lower than changes in higher
latitudes - primarily due to increased cooling
Energy-efficient buildings mitigate most impacts of both climate change and heat islands.
Result - significantly more hours of cooling equipment operation.

Wik, So What Can/Should | Do?

Design the best building you can - beyond code towards zero-energy,
WELL, 2030, etc

= Remember that most building components/equipment have a 10-30 year life
= Plan for future upgrading
Concerned about potential impacts?

= Look at next warmest climate (Cleveland-> Louisville, Boise> Salt Lake City,
Boston = NYC, San Francisco> LA)

= How different are the design conditions?
= Will my safety factors/oversizing be able to cover
(in real life, oversizing means we rarely see full loading)

If doing building simulation, use a future climate file or substitute a
climate file from next warmer climate
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No Single Metric Tells
e |,’3Ili[(,|i|’|fj Performance Ciqry

Water
IEQ
Carbon

Business
(student, occupied room, sales, beer barrels)

g

Climate.OneBuilding

from the creators of the EPW

 heepy//climate.onebuilding.org
Gooale!
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ASHRAE Cleveland
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Building
Enclosure
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CLEVELAND

Dru Crawley

GBCI Approved | 1 CE Hour | 920020234
AlA Approved | 1 LU/HSW | CRAWLEY05

f DrDru.Crawley in DruCrawley @DruCrawley RG Drury_Crawley

esources/URLSs

Building Performance Simulation for Design and Operation
ASHRAE Handbook — Fundamentals 2017

NOAA /NCEI Integrated Surface Data

Documentation:

Data:

Typical Meteorological Year Data Sets (Climate.OneBuilding free weather data for more than 13,000 locations worldwide in EPW, ESP-
r and DAYSIM formats)

Drury B. Crawley. 1998. “Which Weather Data Should You Use for Energy Simulations of Commercial Buildings?” in ASHRAE
Transactions, pp. 498-515, Vol. 104, Pt. 2. Atlanta: ASHRAE.

Crawley, Drury B. 2008. “Estimating the Impacts of Climate Change and Urbanization on Building Performance,” Building
Performance Simulation, pp. 91-115, Vol. 1, No. 2 (June).

Meteonorm
Weather Underground
National Centers for Environmental Information

CIBSE Technical Manual 48 (TM48), Use of climate change scenarios for building simulation: the CIBSE future weather years

Climate Change World Weather Generator (CCWorldWeatherGen)

Dview (tool for displaying and comparing weather data (and CSV data)




