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Learning Objectives

1.

Understand the presentation of trends in Chapter 14 of
Handbook — Fundamentals and Standard 169.

Understand the value and limitations of ASHRAE climate
zones to design.

Examine the value of IWEC2 files and their possible
evolution.

Understand how recent trends due to climate change will
begin to affect design and design guidance.

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.



Outline/Agenda

Description of ASHRAE’s IWEC2 weather files

2. How much climate change has occurred in IWEC2
locations over the past 11 years?

3. Revisiting the “typical year” methodology to capture
observed trends in the climate

4. Incorporating new sources of weather data such as
satellite-derived solar radiation and reanalysis data

5. Current status in updating the IWEC2s to IWEC3s



Description of ASHRAE’s IWEC2 weather files

Inlematicnal Wealher
B Energy Colculations

Created in 2010 through ASHRAE RP-1477,
submitted as an URP by Huang.

Covers 3,012 International locations covering
the entire world except for the US and Canada.

Based on weather station data archived in the
Integrated Surface Database (ISD).

Period of record going back as far as 30 years
to 1984 through 2009, and at least 10 years.

Solar radiation calculated using several
empirical solar models.

Coverage excellent for Europe, Japan, and
South Korea; good for Russia, China, East Asia,
South Asia, and Australia; moderate in a few
areas but poor for the rest of Latin America and
Africa.



IWEC2 locations in East Asia

IWEC2 locations in Europe
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Description of ASHRAE’s IWEC2 weather files

IWEC2 locations in South Asia

IWEC2 locations in Australia




Description of ASHRAE’s IWEC2 weather files

IWEC2 locations in South America IWEC?2 locations in Africa




How much climate change has occurred in IWEC2

locations over the past 11 years?

Degree Days from 2005 through 2020 for European Locations

Oslo Stockholm London Glasgow Paris Vienna Rome Istanbul

[ Heating Degree Days IWEC2 (1988-2009)
Heating Degree Days 2005-2020

. Cooling Degree Days IWEC2 (1988- 2009)
[plotted as negative values)
' Cooling Degree Days 2005-2020
(plotted as negative values)



How much climate change has occurred in IWEC2

locations over the past 11 years?

Degree Days from 2005 through 2020 for Former Soviet Union Locations

Moscow Irkutsk Vladivostok Kyiv Minsk Almaty Tashkent

I Heating Degree Days IWEC2 (1988-2009)
Heating Degree Days 2005-2020

I cooling Degree Days IWEC2 (1988- 2009)
(plotted as negative values)
' Cooling Degree Days 2005-2020
(plotted as negative values)
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Degree Days from 2005 through 2020 for Middle East and South Asia Locations

Damascus Tel-Aviv
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How much climate change has occurred in IWEC2

locations over the past 11 years?

Degree Days from 2005 through 2020 for East and Southeast Asia Locations
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Seoul Tokyo Bangkok Singapore Beijing Shanghai Xi'an

B Heating Degree Days IWEC2 (1988-2009)

. Heating Degree Days 2005-2020

[ cooling Degree Days IWEC2 (1988- 2009)
(plotted as negative values)

.Cooling Degree Days 2005-2020
(plotted as negative values)




How much climate change has occurred in IWEC2

locations over the past 11 years?

Degree Days from 2005 through 2020 for African Locations

Tunis Cairo Nairobi Dar es Salaam Lagos Harare Pretoria Cape Town

[ Heating Degree Days IWEC2 (1988-2009)

. Heating Degree Days 2005-2020

[ cooling Degree Days IWEC?2 (1988- 2009)
(plotted as negative values)

Cooling Degree Days 2005-2020
(plotted as negative values)




How much climate change has occurred in IWEC2

locations over the past 11 years?

Degree Days from 2005 through 2020 for South American Locations
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Bogota Rio de Janeiro Sao Paulo Lima Buenos Aires

[ Heating Degree Days IWEC2 (1988-2009)

[ EHeating Degree Days 2005-2020

[ cooling Degree Days IWEC?2 (1988- 2009)
(plotted as negative values)

.Cooling Degree Days 2005-2020
(plotted as negative values)



How much climate change has occurred in IWEC2

locations over the past 11 years?

Degree Days from 2005 through 2020 for Oceania Locations
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. Heating Degree Days IWEC2 (1988-2009)

- Heating Degree Days 2005-2020

.{:Doling Degree Days IWEC2 (1988- 2009)
(plotted as negative values)

Cooling Degree Days 2005-2020
(plotted as negative values)




Revisiting the Typical Year Methodology

® The Finkelstein-Shafer (FS) statistic is the absolute area enclosed
between the Cumulative Frequency Distribution (CFD) of a climate
parameter for each month and the long-term CFD for the same

month over all years.

The weighted sum of
the FS statistic for all
the parameter is the
Cumulative FS (CFS)
for that month.

The month with the
smallest CFSis
considered the
“typical month”.
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Revisiting the Typical Year Methodology

What are the limitations in the current “typical year”
methodology?

® Good representation of past weather.
B Assumes that the climate is long-term steady-state.

® Ahistorical, i.e., doesn’t consider time as an independent
variable.

16



Revisiting the Typical Year Methodology

s it possible to incorporate trends in the data ?
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Revisiting the Typical Year Methodology

Surface Plot of Temperature(C)
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Revisiting the Typical Year Methodology

Surface Plot of Temperature(C)
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Revisiting the Typical Year Methodology

Surface Plot of Temperature(C)
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Revisiting the Typical Year Methodology

Surface Plot of Temperature(C)
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Revisiting the Typical Year Methodology

Surface Plot of Temperature(C)
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Revisiting the Typical Year Methodology

Surface Plot of Temperature(C)
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Revisiting the Typical Year Methodology

CFD| 20yrs| 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

0.667| 304 | 27.0 27.0 308 288 293 280 32.0 280 309 290 304 319 288 282 338 330 338 326 304 305
0.700( 309 | 270 270 31.0 29.0 300 280 320 280 31.0 29.0 306 32.0 300 293 339 332 355 326 310 305
0.733| 313 270 279 313 29.0 30.8 299 326 289 315 309 30.7 320 310 293 342 341 355 329 31.0 316
0.767| 320 | 27.0 280 319 299 30.8 299 329 | 289 321 31.0 316 329 319 294 346 349 355 339 328 321
0.800( 325 [ 27.0 280 320 310 31.0 300 329 289 327 31.0 319 329 334 297 347 349 356 342 342 322
0.833| 331 [ 279 290 329 310 318 300 329 290 332 328 333 356 338 300 360 350 359 343 343 327
0.867| 340 | 279 290 33.0 320 320 308 329 300 337 330 337 359 346 314 364 365 361 355 347 341
0.900( 349 | 28.0 292 339 320 330 310 330 308 338 352 338 360 359 324 366 370 364 360 349 349
0.933| 358 | 332 310 358 346 338 320 339 320 354 380 343 360 365 348 369 377 382 388 350 352
0.967| 371 | 370 360 358 348 348 339 340 370 366 380 349 361 409 361 405 378 387 391 382 355

1.000| 399 | 389 390 360 356 408 358 390 370 37.6 |MENGN 389 300 [ASEN 382 BN 382 307 394 [NANON 397
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Revisiting the Typical Year Methodology
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Revisiting the Typical Year Methodology
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Revisiting the Typical Year Methodology

How has this modification been received ?

= “The change is too drastic”

= “Trends are meaningless”

Proposed Solution :
= Create two sets of “typical year” files

= Use the “standard” typical year files as the baseline for evaluating
existing projects.

= Use the “trended” typical year files as the baseline for evaluating
proposed projects.



Incorporating new sources of weather data in
updating the IWEC2 to IWEC3

Satellite-derived solar radiation now available for practically anywhere around the world

. Amaterass
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Incorporating new sources of weather data in

updating the IWEC2 to IWEC3

Reanalysis data are now available for anywhere and any time for data filling

Fig. 1. Measured and original MERRA2 Dry Bulb Temperatures in Jumla Nepal WMO 444240 Jan 2014
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Current status of updating the IWEC2s to IWEC3s

» ldentified 2160 locations in Europe and former Soviet Union
» ldentified 2308 locations in Asia, Africa, South America, and Oceania

» Meteorological data are all ready, but still lacking solar data for
earlier years in East Asia and all years in the polar regions

» Created trial set of files for 1000 locations in Europe with complete
satellite-derived solar

» Since both meteorological and solar data were already complete and
available, created a set of TMY4s for the US that have been sent to
NREL for evaluation.

» Still refining software and evaluating results of the time-trended
typical years

» Expected timeline for first complete set of IWEC3s in 3-6 months



Questions and Comments?

?z{ Joe Huang
e-mail yjhuang@whiteboxtechnologies.com




