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Distribution/Age of U.S. Commercial Buildings
New York City has thousands of new / old buildings
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Distribution/Age of U.S. Commercial Buildings

New York City has thousands of new / old buildings
Same pattern for other U.S. cities, such as Chicago
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Distribution/Age of U.S. Commercial Buildings

New York City has thousands of new / old buildings
Same pattern for other U.S. cities, such as Chicago
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« How are we going to create new high - performance buildings?
«Can we create high - performance buildings from existing
buildings?

« What design methods were used fo design existing buildings ?
« How did the methods treat thermal mass?
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Source: http://juliancarr.com/files/2009/10/new_york_from_empire_state_building.jpg
http://thebesttraveldestinations.com/willis-tower-sears-tower-chicago-usa/




History: Building Energy Load Calculation Methods

What methods are currently used to size the
building systems and analyze building energy use?



History: Building Energy Load Calculation Methods

What methods are currently used to size the
building systems and analyze building s
Peak Heating Load

Peak Load Calculation

Calculation Methods
(R. Chapter 12; C. Chapter 18)

Peak Cooling Load

Calculation
Simulation
Annual Building
Energy Use
Calculation Methods
(Chapter 19, Page 19.4) Forward

Inverse
(Data-Driven)




History: Building Energy Load Calculation Methods

What methods are currently used to size the
building systems and analyze building ejngis

Peak Heating Load
Calculation

Peak Load | |

How aid the methods evolve
from 1900 fo Present?
How did these methods freat the use

of thermal mass?
Ene_rgy Use
Calctilafion| Matfiods Forward

Inverse
(Data-Driven)




History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
100 YEARS OoF PROGRESS
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History of ASHVE, ASRE, ASHAE, ASHRAE

In 1894: ng and Air-Conditioning Engineers

* Hugh Barron, led an effort to
establish a new engineering
society entennial:

100 YEARS OF PROGRESS
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
PROGRESS
In 1894:

« ASHVE was established _’/\‘1
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Societv of Heating, Refrigerating and Air-Conditioning Engineers

In 1895:
« ASHVE Transactions was first
published
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The +#

100 YEAM

In 1904:
+ ASRE was established
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centent
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
1OO YEARS OF PROGRESS
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial: -
100 YEaArRs oF PROGRESS ¢
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
1OO YEARS OF PROGRESS
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
100 YEArRs oF PROGRESS

Ja i hfd i . . iy, '—'7/—\ = o
3% - . IR -
B B T : : A3 \ 7
T b Rl | - B b A L
P o d e
_ < bt 2 7 owv®
= - — ~ =

1906 1908 1911

argrws ot Aeaguceen &

1915 1916 1917 1918 In 1954:

* ASHVE changed its name to

-
Pt i - 1990 - Moe TR Pt e ESMe N
1932 1938 1942 1944 1946 1951 1953 1955 1958 1959
NP ot o B9 A Ry e Aoy DM ESe Wt e et «on " " o WOt ety On LKA W AGHE M ASHRIE M I R T ASUIE Gt
DRy W g b e ek o st wd L y 5 A 0 AR e OO b i vt et ]
(S [ Gowand o o 1 a3 cordiom. rakig o Consog o T e s ¥ 4 morn

o el

7
1979 1981 1982 1986 1989 1992

we
L

1967 1969 1972

' “::: | o‘ E
\ ald

1975

1976

Pt A BT M fomoet 0L e e st v w
ARRE T e Ay e s aran Bt eiiiied 00 s eyt fe ot g

m&-go-l‘ “ ® b Thegy (o wir 000
pascane e ™ Mehioud s e T b “pon e b w0 s by
W comeg i o by ADRIE e ‘ e - or L hg o iy Psons P e b e o o o v .ty el oy e g Pescor B Az e

Source: http://www.ashrae.org/about-ashrae/ashrae-and-industry-history



History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
100 YEArRs oF PROGRESS
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
100 YEARS OoF PROGRESS
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

The ASHRAE Centennial:
1OO YEARS OF PROGRESS
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History of ASHVE, ASRE, ASHAE, ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers
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Distribution/Age of U.S. Commercial Buildings

CBECS Survey: U.S. Census Regions and Divisions
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2003 CBECS Survey for All Buildings

Clal Buildings
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.« 52.3% of the buildings were built from1970 to1999
» 39.7% of the buildings were built in South




Distribution/Age of U.S. Commercial Buildings

Number of Buildings
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2003 CBECS Survey for All Buildings
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o 27.9% in Midwest, 18.2% in West and 14.2% in Northeast




Distribution/Age of U.S. Commercial Buildings

CBECS Survey Summary

¢ :52.3% of the buildings were built from1970 to1999

e ..Four periods are studied:

— Pre 1945
- 1946 - 1969
=0 1970 - 1989

— 1990 - present

« 39.7% of buildings were built in South, 27.9% in Midwest,
18.2% in west and 14.2% in Northeast



History: Building Energy Load Calculation Methods

2003 CBECS Survey for All Buildings
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History: Pre 1945 — Guide Books

Guide Books:
1904 Frank E. Kidder Architect’s and Builder’s
Handbook
1922 ASHVE Guide
1932 The Refrigerating Data Book by ASRE

Number of Buildings
8

1938 Trane Air Conditioning Manual

THE
i REFRIGERATING
il HEATING DATA BOOK
BULDER'S AND AND
POCKET - BOOK ‘ - AT G
R VENTILATING CATALOG

KIDDER
FIRST EDITION, 1932-1933

GUIDE

THE AMERICAN SOCIETY OF
REFRIGERATING ENGINEERS




History: Pre 1945 — Guide Books

Computer Development: e B vttt
0 1822 - 1832 Charles Babbage and Joseph 1 =~ 1"
Clement P i
Produced the first Difference Engine Foel !
0 1815-1852: first computer programmer: Ada g ! LE i . l

Lovelace C T Tl e
Q In 1930, differential analyzer available

O In 1946, first large scale electronic digita
computer available - ENIAC
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Source: http://www.computerhistory.org/babbage/engines/;
http://www.computerhistory.org/babbage/adalovelace/;
http://www.computerhistory.org/revolution/analog-computers/3/143/311;

K. Kempf "Historical Monograph: Electronic Computers Within the Ordnance Corps," U.S. Army Photo



History: Pre 1945 — Important Developments

In 1848, Dr. John Gorrie invented his “ice machine”

Figure 3: A model of Gorrie’s ice machine from the John Gorrie
Museum in Apalachicola, Fla.

Source: http://www.ashrae.org/File%20Library/docLib/Public/200362795143_326.pdf



History: Pre 1945 — Important Developments

In the late 1880s, “War of the Currents” began between Edison and Tesla

Thomas Edison Nikola Tesla
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History: Pre 1945 — Important Developments

In the late 1880s, “War of the Currents” began between Edison and Tesla

Thomas Edison Nikola Tesla
{BIBL BL” - %.' :
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. VS. »
&
- A

Before that, air handling systems were
steam-driven!

Source: http://staff.fcps.net/rroyster/war.htm



History: Pre 1945 — Heating Load Calculation

Frank E. Kidder Architect’s and Builder's Handbook
Peak Load Calculation: - A
Heat Loss Calculation

In 1904, "There appears to be no rule ARCHITECT'S

AND

by which the architect can determine BUILDER'S

POCKET - BOOK

the size of the furnace that should be i
used to heat a given building other ‘
than by using the tables given by the
various manufacturers...... g

1904:
There were no standardized annual
bmldmg energy use calculations

e: Architect’s and Builder's Handbook in 1904 by Frank E. Kidder




1g Load Calculation

Excelsior Steam Indirect Radiator,

Perfection Pin, Extra Large. Flange and Bolt.

|,

Sterling Indirect Radiator.

Source: Architect’s and Builder's Handbook in 1904 by Frank E. Kidder




History: Pre 1945 — Heating Load Calculation

Sup-

Cold-air
ply

Radiators
DATA FOR EXCE Lb[()l{ INI)IRF(,I‘ STEAM- RAI)IAT()RS

Jis

Source: Architect’s and Builder’'s Handbook in 1904 by Frank E. Kidder
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History: Pre 1945 — Heating Load Calculation

Radiators
DATA FOR EXCELSIOR INDIRECT STEAM- RAI)IAT()RS

" 2 el Wi e
— Size of Room —> Size of Radiators | © k-
[ ()] 73] fael o' é
» ' - 1es, C\u & ' : b X 1 x
DL 36| 6.8 | V48 1«1“;.?9"2 ’éu,\}'m'\li; o0 %10 S s
r Q80 | 51 8.3 | 72| 8x12 9x12| 1080 | 1260 | 1140
48 | 72 9.6 96 | 8X 1210 14{ 1440 | 1680 | 1920
01 .90 10.0 | 120 |12X12|12X 15| 1800 | 2100 | 2400
2 | 193 | 117 | 144 [12%1212%19) 2160 | 2520 | 2880
011 126 [ 12.7 | 163 12X16/14% 22| 2520 | 2040 | 3380 {
96 | 144 ( 13 .5 | 192 |12X16/14 % 24] 2880 3360 | 3840
igg 162 | 14.4 | 226 12320/16%20[ 3240 | 3780 ’ 4320 POCKET - BOOK
o 180 | 15.2 | 240 12X20[16%x24| 3600 | 4200 | 4800 g
198 1 15.9 | 264 (12X 242020 3960 | 4620 52%(0)
144 | 216 | 16.6 | 2838 12\"’LJ 20< 24| 4320 | 5040 | 5780
3 n i
Fig. 12

Sterling Indirect Radiator,

Source: Architect’s and Builder’'s Handbook in 1904 by Frank E. Kidder




History: Pre 1945 — Heating Load Calculation
Boilers

Fig. \7
Sactional View of Gurney Bouer,

Fig. 15
*“Tdeal " Seetional Steam Boiler.

Fig. 16

Gurney Bright Idea Boiler, 1200 Scries —Serew-nipple Type.

ARCHITECT'S
AND
BUILDER'S
POCKET - BOOK

EIDDER

Source: Architect’s and Builder's Handbook in 1904 by Frank E. Kidder



History: Pre 1945 — Heating Load Calculation
Boilers

HORIZONTATL TUBULAR BOILERS.

ANUFACTURED BY Epwanp KesxpArn & Sons, Camsripge, Mass.,
] ,

¥

e | 23 "S5 B
o g | =4 L BSg
‘e s =) = o | 12ha s 8 e
. s T .a.%.e 7] s | Esh =838
8o | S5 (o83 J4| 8| ». | 23| <28 )
o= e= |22 g2 S| B3| B8 S5 SRE 85 oW
o 2 g B2 =] B2 = £ L S o
gm el S8 B2H| Sk =1 g4 = = cO EQ:,E_Q
3 Zz |18 | |B = z, = P
Ins. |[I't.Ins. Ins.| Irt. | Ins
30 6 0| 36 2 H { 5 6584
gt 1) 3 " 6 58 5 ]22
" R () " L1 7 ‘o 6 !)!](-‘
4 0 0 i o i [ L 1,002
36 8 0| 34 | 215 7 £ 8 1,124
py o 0 py o 8 b 8 1,296
rs 10 0 £ 3 9 e 10 1,458
o IP 0 § 8 10 ge 10 1,620
b 12 0 i i 11 £ 12 1,782
1 I3 0| 28 3 2] s 12 1,926
42 |10 O | 45 | 214 0 ”* 12 1,890
4] P SR s < 5 10 | 12 2,100
g 32500 | 8 o 11 ° 14 2,304
B 13 0 b 2 12 2 14 2 520
2 12 0138 3 11 St 14 2.334
8¢ 13 0 £ o ] 14 2,550
% 14 0 pe b 13 e 16 2,760
Loy 15 0 ” s 14 e 16 2970
48 (12 2 | 69 | 25| 11 | B4e iR 3,396
2 13 2 ¥ 55 12 )00 18 3,702
: 15 2| 49 3 14 33 18 3,756
. 16 © @ P . 5
e 117 5| e | e [ 1R « 2 | 4206 ARCHITECTS
& 117 2| 38 (8141168 | * 20 3,948 AND
S 2 ) ‘ 4 vag 24 4,554 *
Bjs 2|72 ¢ |15 26 5724 POCKET - BOOK
. VR \* 2 16 a3 28 6,108 i
i S0 B s o4 17 s 28 6,402 KIDDER
. (17 2 | 54 | 334 | 16 i 26 5.430
e |18 2 1 £ 17 s 26 5,766
10y o | e sy -] et 28 6,108
80 18 2| 92| 38 17 | 3% ; 34 8,284
= 18 2 | 64 | 314 | 17 *“ 11,133 76 30 G,798
19 2 o2 3A 18 e 1,200 80 32 7,200
66 (18 2 (110 3 17 $ 1,615 | 108 40 9,690
18 2 | 82 |34 | 17 & 1,426 05 36 8,556
72 |18 2 130 | 8 | 17 | %he | 1,000 | 127 48 [ 11,400
18 2 I]un 3k | 17 A 1,721 | 115 44 10,32

*Selected from 156 sizes listed by this firm. These boilers are made
b to 96 ins. diam. and 21 ft. long.
T For hard coal or coke.
f Proportion 6 to 1. The last two eolumns added by the anthor.

Source: Architect’s and Builder’s Handk




History: Pre 1945 — Heating Load Calculation
Boilers

HORIZONTAL TUBULAR BOILERS.

‘ManvFAcTURED BY Epwarp Kuesparn & Sons, Camsripgs,

- ]
. 5 =g
k> o
s & i
= © 2 s
e e 3 o B 0 2| ESE
8 Cu | wal 88 %l & . =d -]
82 | =2 | 23| <X 22| 23 EE | EmE
&) w2 |gF| B2 w=|d.a 2.9 B o
am =5 sH| 28| sH|qm =5 =00
2 z |8 |A |B z, <
Ins. |I't.Ins Ins.| It Ins. |Sq. I't.
30 6 36 2 H 1 114 3,600
" 7 .9 4 o 6 ot 137 3,75
" 8 0| o ol KL 160 0
R0 0| i sl 182 1,0)

B s o | ‘ O 15 1 28 | 71660 | 14 | 2520 P
"y R = - . 12 0 {q ';‘; 11 £ 2G 7 .320 14 2.334 Sectional View of Gurney Buoler,
deal " Seetional Steam Boiler. e (13 0 %1l 12 28 7,680 14 2,550
B 14 o | « 18] ¢ 31 7.950 | 16 2760
¥ O B O A B 7 & N 5| 33 8220 | 16 2970
48 (12 2| 69 | 215 | 11 | 840 66 | 38 9750 | 18 3.396
TR o R B T - 617 | 41 10,150 | 18 3702
w N8 2| 215« | 675 33 [i19%2| 1 | 2638
16 2 el AS b i V7 5 035 s 026 i
Rl 2] & | 3] s 716 | 48 11485 | 20 4,206 ARCHITECT'S
i }:F; 2| 38 | 34 } 8| 658 | 44 }‘_:m;% g?) 3,948 AND
5| ' - 7 7 2535 2 4,200 2
84 115 2| 60! 3 | 14 |14 | 750 | 51 14015 | 24 4554 * PoEc':il;?ER i
B8 2|72 ¢ [16] ¢ 054 |+ 63 | 15.074 | 26 5724 +ROOK
T B “olae| ¢ 1018 | 68 | 15584 |' 28 6,108 e
s 2 |~ 1. 17 | ¢ | 1082 | 72 16,094 | 28 6,402 KIDDEH
% (17 2|54 336|106 [ Q905 | 60 15,458 | 26 5.430
18 2 | AT pr | 961 | G4 15960 | 26 5766
19 2 18| * [1018| 63 |18552 | 28 6,108
80 [18 2|92 | 8 | 17 | 3% | 1364 | 81 19000 | 34 81284
¢ 18 2| 64 (32417 | *Y [17133| 76 | 18468 | 30 6,798
Tgens| e ST g R ) S e iage A1 80 190227 | 32 71200
06 (18 2 |110 | 8 | 17 | ¢ [1615 | 108 | 22430 | 40 9,690
18 2 | 82 | 35| 17 2 1,426 05 22,190 36 8,556
72 |18 2 (130 | 8 | 17 | %a | 1000 | 127 | 28036 | 48 | 11400
18 2 (100 |3} |17 | ** |1721 | 115 |25980| 44 | 10,320
| |

*Selected from 156 sizes listed by this firm. These boilers are made
p to 96 ins. diam. and 21 ft. long.
T For hard conl or coke.
f Proportion 6 to 1. Thoe last two eolumns added by the anthor.

Source: Architect’s and Builder’s Handk



History: Pre 1945 — Heating Load Calculation
Boilers

HORIZONTATL TUBULAR BOILERS.

MANUFACTURED BY Epwanrp Kuspary & Sonzs, CamsripgE,

=
. 2 @
; g | =5 L
- =) ‘s B ol I =
ws (B la.%.lg | @ | F2g| =&
8 Ot | 't Ly A 0 =9 2e.H @
= | 53 | B2l g3 22| 83| S8 | EE | EmE | £3
o | B2 [g5| §2| M=|dal €8 | 8BS | .2 | &
=] ER | 5] #H g5 84 =5 800 =y &)
3 A g R ) = i Z = 0
Ins. |[I't.Ins. Ins.| Trt. | Ins. [Rq. Tt
30 | 6 0| 3¢ 2 6| 14 114 | 724 | 3,6
‘ TR ¥ 6 137 | 95| 37
o 8 0 e 7 160 | 1024 3.0
! 9 0 ¢ ] , 182 | 12 4.0)

Fig: IS O EE A e B 120 | 28 | 7.660 | 14 | 2520 P
*Tcdeal " Seet 18 Boil & 112 olss| 3|1 380 | 26 7.320 | 14 2,334 Sectional View of Gurney Boles,
cdea weetional Steam Boiler. 4 13 0 o | B 12 125 28 7,680 14 2,550
': 14 0 s 13 160 31 7,950 16 2,760
e j15 0 * | ¢ |14, 495 | 33 8,220 | 16 2970

1904.
 Method existed for sizing the steam radiator o
« Steam boilers were sized = number/type of

radiators

« Air conditioning had yet to used

commercially

VUUIVG. MU UIHILGUL O AU UIIUGT O 1 1Al UK

EIDDER




| oad Calculation

ing

In 1911, Willis Carrier developed his Psychrometric chart

Pre 1945 — Heat

History
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mwf\% I DA ] RN INTL,
SN, \.rﬁ:f\\ [T ISV AN KL LN LT
AN VAN NS SIS 0N CNTT SN VR TIININ
o /N LVSSL AV AN LNV T
KNI/ AR ALY TNV R W TN T T
SSEALALSEN NN I ,\\%\ XN
NS NN N P N \;x\\m
SN S U b U T
AT I X,
o DNISUSE I NN INY XN MV
NN SRS IS
SN NN NNV TN
LRSI »wm INILINEN
NN DT
1 XIS,
NN NN «
QNGOG AT
N NS
- A
wmm 3 w,gx\y\x _\“S& .
MM %@ f 2081 mmﬂ
Aw, CE
N
CV I\ ANl /m
RIEE\ T
- - hu_.m..cus v Mﬁssﬁﬁﬁ oy, . ¢ ..WW/ / . S
M.RQE __.W E:Lsm 2 Kip W a1 u ?MEE muw o 0.4 mwm Jead _a.,” g mmv/ A
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Source: Carrier, W., 1911. Rational Psychrometric Formulae: their relation to the problems of meteorology and of air conditioning. ASME Transactions, Vol.33



History: Pre 1945 — Cooling Load Calculation

In 1928, the first high-rise air-conditioned office building in
U.S. was built in San Antonio “The Milam Building”

nel

Rt B . . = - Original Carrier Centrifugal
The Milam Building Refrigeration Unit

Source:www.alamoashrae.org/database/articles/Milam_Building_Report.pdf

o e——



History: Pre 1945 — Cooling Load Calculation

In 1928, the first high-rise air-conditioned office building in
U.S. was built in San Antonio “The Milam Building”

O Tallest Reinforced-Concrete High-
Rise Office Building

O Air-Conditioning System was
designed by Carrier Engineering

Tt Iy Corporation

0 i | O 11 AHUs provided cooling, two
Chillers with a Maximum 375-ton
Capacity provided Chilled Water

0 Radiant Heat was Absorbed by the
Heavy Construction

O Venetian Blinds, Cloth Window
Shades, Duct damprs were Added to
Solve the Problem

The Milam Building

Source:www.alamoashrae.org/database/articles/Milam_Building_Report.pdf



d Calculation
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Source: 1938 TRANE Air Conditioning Manual



History: Pre 1945 — L oad Estimate Sheet

TRANE Air-Conditioning Manual

moscom
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History: Pre 1945 — L oad Estimate Sheet
TRANE Air-Conditioning Manual
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History: Pre 1945 — Cooling Load Calculation

In 1944, Mackey and Wright developed Sol-Air Temperature
Method which was published by ASHVE
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0.606(t,, —t.) s
0.856+L/k =
There is time lag for the peak and a reduction in amplitude.

Source: Mackey, C.O., Wright, L.T., 1944. Periodic Heat Flow-Homogeneous Walls or Roofs. ASHVE Journal;
Mcquiston, Parker, 1994. Heating, Ventilating and Air-Conditioning Analysis and Design, Fourth Edition

Inside Surface Temperature t, =t + ,C0s(15n0 -, — ¢,)



§ Instantaneous Light
= heat ain —
=4 . \ Medium
[=
z
9 \\ o~ Heavy
o
c Actual cooling load
=
o
5
Time

Inside Surface T t t0=tiwnmsﬁn0—an— X
nside Surface Temperature 0856+ LIk & ( )

There is time lag for the peak and a reduction in amplitude.

Source: Mackey, C.O., Wright, L.T., 1944. Periodic Heat Flow-Homogeneous Walls or Roofs. ASHVE Journal;
Mcquiston, Parker, 1994. Heating, Ventilating and Air-Conditioning Analysis and Design, Fourth Edition



History: Pre 1945 — Cooling Load Calculation

In 1944, Mackey and Wright developed Sol-Air Temperature
Method which was published by ASHVE

Effect of thermal mass could be

calculated !

ime
0.606(t_ —t.)
Inside Surface Temperature =t + T cos(15né -a, — ¢,)
° ' 0.856+L/k = " e
There is time lag for the peak and a reduction in amplitude.
Source: Mac! kyCO Wright, L.T., 1944. Periodic Heat Flow-Homogeneous Walls or Roofs. ASHVE Journa l;
Mcquiston, Parker, 1994. Heating, Ventilating and Air-Conditio gA alysis and Design, Fourth Edition



History: Pre 1945 — Cooling Load Calculation

Sol-Air Temperature Method:
Later in 1961, sol-air temperature method was SZIASIIER R
tabulated in the ASHRAE Guide and Data = a8

Book — Fundamentals and Equipment

\damentals and Equipment

Table 8 ... . Summer Design Sol-Air Temperatures Used for Tables 9 and 10

Sol-Air Tomparature ¥, Fahronheif Degroas

Mean Sun Time _— —_——— —_— -— —
1!\”7 Sur.‘acc"i Horiz, |  North ‘ East ‘ South West
S — S NS V) S _«ﬁ_‘,fl — —_——
Retio*: - 0 | 0225 0 ’ 0.225 | 0425 0.225 | 0125 0.225 0.125
o \

12 Midnight | m [ 77 77 . 77 7 7 | 7 77 77
1 AM | 76 76 76 76 70 76 7% 76 70
2 76 [ 76 706 | 76 76 76 76 76 76
3 75 75 ‘ 7 75 75 75 75 5 75
4 Z \ 74 74 ‘ 74 74 7 74 7 74
5 74 [ 74 74 75 &) I 74 | 74 74 ’ 74
B ‘ 74 [ 76 74 110 93 w 74 74 74
7 (] 91 | 123 100 75 75 75 75
8 77 106 , 77 126 103 82 78 77 77
0 80 119 80 ’ 125 104 03 86 ‘ 80 S

10 83 ! 129 33 117 100 | 102 | 93 83 l 83

11 [ &7 137 | & 108 06 110 99 89 87

12 Noon 00 | 142 00 02 ' 02 1 114 104 9% 123
1 P’M ‘ 93 144 | 93 ‘ 93 ‘ 93 [ 115 105 110 102
2 i 140 04 08 04 111 [ 104 124 1L
3 | 95 | 132 95 ~ a5 05 104 100 135 119

e — — —_— ~ ’..._ - - —— - —
M 120 04 04 l 04 ‘ 99 06 [ 141 | 120
6 93 107 03 03 93 a5 1 04 139 118

g i1 06 o1 01 01 91 01 125 ' 111
7 87 90 87 87 87 88 87 103 04
N 85 85 85 ’ 85 85 & | 85 | 85 8
) 83 | 83 83 89 83 83 &3 ‘ 83 83

10 81 81 [BR] 81 [ 81 81 81 [ 81 81

11 79 7 7 70 79 70 79 70 79

24 Hr Avg. ¢, 8.1 100.5 83.1 ‘ 03.0 | 88.4 ‘ 89.0 \ 86.2 9.0 | 88.4

® o = surface ubsorptivily, dimeust mleas, roof = 0.9; dark walls = 0 0, nnd light walls = 0 3.7,(., = unit vonvectlve condeetanss = 4.0 Big ;;‘r ;’.'J)Vi.r dog).

b Values in this o lumn are magnitudes of £ , the cutdoor sir temparature

Source: 1961 ASHRAE Guide and Data Book — Fundamentals and Equipment



« - Total Equivalent Temperature Differentials for Caleulating
Heat Gain Through Sunlit and Shaded Roofs

entals

ASHRAE GUDE WD ATA BOOK
o
lamentals and Equipment

yad Calculation

Description of Roof Construction® AM. P.M
[ e e R
elloflz 2'4 6[3[10112
Light Construction Roofs==Exposed o Sun
ood® or
1” Wood® + 1” or 2 insulation 12 38 54 62 50 26 10 4 Q
_— -
Medium Construction Roofs==Exposed fo Sun
2" Concrete or
2" Concrete + 1” or 2" insulation or 6 30 48 58 50 32 14 6 2
2" Wood®
2" Gypsum or
2" Gypsum + 17 insulation
1" Wood? or
2" Wood® or  (+ 47 rock wool 0 20 40 52 54 42 20 10 6
2" Concrete or(in furred ceiling
2" Gypsum
47 Conerete or
4" Concrete with 2” insulation 0 20 38 50 52 40 22 12 6 D
Heavy Consiruction Roofs—Exposed fo Sun F
=
38 i
aiE— B e B B . vl 11
Roofs Covered with Water—Exposed fo Sun I_
Light construction roof with 17 water 0 4 16 22 18 14 10 2 1}
Heavy construction roof with 1” water —2 -2 -4 10 14 16 14 10 6
Any roof with 6" water -2 0 0 6 10 10 8 4 0
Roofs with Roof Sproys—Exposed to Sun
Light construction 0 4 12 18 16 14 10 2 0
Heavy construction -2 -2 2 8 12 14 12 10 6
Roofs in Shade
Light construotion -4 | 0 [ 12 gaiilitegd 8 2 0
Medium construction -4 ~2 2 8 12 12 10 6 2
Heavy construction -2 -2 0 4 8 10 10 8 4

8 Tneludes 86 in fole saafima st o O

==1" Wood I
-+6" Concrete

20

0 4 8 12

Time

24

Source: 1961 ASHRAE Guide and Data Book — Fundamentals and Equipment

There is time lag for the peak and a
reduction in amplitude.




History: Pre 1945 — Cooling Load Calculation

1961 ASHRAE Guide and Data Book — Fundamentals -
and Equipment — Total Equivalent Temperature
leference tabulated In the Handbook

Table 9.... Toh tal Equivalent Tem e Differentials for
Cal
e R SR tes HC‘G Tl hS X dShddR ofs

S

S el

Sl o T e ] T

The curves shown in Mackey and Wright and
'ASHRAE original test data were finally tabulated in
the ASHRAE Gwde and Data Book

0 1 14 1-) ( 2 0
.' n {» ‘ t: 10 | 1|,> t 8 ' 4 (; . D
Roofs with Roef Sprays—Exposed fe Sun B y & ; D
2 »: 12 18 16 | 14 10 5 {J'* D D .
-2 -2 2 8 ‘ 12 14 12 ‘ 10 6 0 I
Roofs in Shadk T it T

et EHE 0 4 8 12 ;16 20 24
Sl Tl e Time

There is time lag for the peak and a
reduction in amplitude.

Source: 1961 ASHRAE Guide and Data Book — Fundamentals and Equipment



History: Pre 1945 — Cooling Load Calculation

In the 1967 ASHRAE Handbook, the Sol-Air Temperature
table was further modified:

A heat balance at a sunlit surface gives:
g/ A=al,+h,(t, —t.)— AR

0.15

Time

In terms of the sol-air temperature, t,

Table 26 .. .. Total Equivalent Temperature Differentials

| A=h (t —t. : —

Description of Reof Conslruction®

where, e

2" Tosulating | " concrete or 2°
: & conerete or 2° gypnsum
plank ‘ ‘ | 10

wchion Roofs—Exposed 1o Sen

[

l.;’ 36 .m‘ 3

; ',,\.':i:«’ - phwe 2 o] 7] (%
t, =t, +al, /h,—eAR/h, =

Dew Peint (F) | Thickness (in.)
cint (F) | Thickness (i Roofs Coverad with Weter—Expesed 1o Sum

60 |

Construction

Source: 1967 ASHRAE Handbook of Fundamentals L

® Iny




History: 1946 — 1969 Guide Books

2003 CBECS Survey for All Buildings

Design by Carrier
1961 ASHRAE Guide and Data Book o Lt g s e e

Guide Books:
1955 TRANE Air Conditioning Design Manual i |
1960 Handbook of Air Conditioning System i i

1967 ASHRAE Handbook of Fundamentals

CONDITONING
SISTEM
DESIGH HANDBOOK OF

AIR CONDITIONING
SYSTEM DESIGN

Cartier Air Conditioning Company

1960

New York  San Franciseo  Towowto  London  Syioey




History: 1946 —1969 Cooling Load Calculation

SHRAE GUOE AND D BOOK
=
Peak Cooling Load Calculati  Fundamentls nd Eiprr
0 1961 TETD/TA Method: % !
v' Total Equivalent Temperature o emp

Difference/Time Averaging Method e o
v Original Outlined by Stewart in 1948 if_ e
v' TETD table added to ASHRAE Guide and @ 1 000
Data Book in 1961 rae | o] el ]alala] 0]

Basic heat gain equation for exterior surface:
g =UA(TETD)

Thermal mass is in the TETD

Source: 1961 ASHRAE Guide and Data Book- Fundamentals and Equipment




History: 1970 — 1989 Cooling Load Calculation

In 1977 TETD/TA replaced with CLTD/CLF Method:

v’ Firstly developed by Rudoy and Duran in 1974 and
published by ASHRAE Transactions

v Later appeared in 1977 ASHRAE handbook

Table 1 Procedure for Calculating Space Design Cooling Load—Summary of Load Sources and Equations
Loud Source Equation Reference, Table, Description

Coefficients—Table 3 and 4

al Plans

rature Difference at Base Conditions for Roofs
of Exterior Surface

Chapter 22-Desi
Area Caleulated
Table S—Coolir
Note 4—Correctic

External

Roof Note 2—Correction ide Dry Bulb Temperature and Daily Range
Nate 2—Correction for Inside Dry Bulb Temperature
¢ S—Application for La and Month =
Chapler 22—Design Heat Transmission Coef ficients—Tables
Area Calculated from Architectural Plans
Tablc 6—Wall Construction n
Table 7—Cooling Load Temperature Diffcrence at Bass Conditions for Wall Group
Note 3 om for Color of Exterior Surface
Walls q¢=UxAxCLTD P n for Outside Dry Bulb Te ture and Daily Range
ature
e 2 atitude and Month e !
Glass and Interior Shading if Used

Area—Net G

[ _:\ Table 9—Cool
Conduction g = Ux A xCLTD Note | —Corr

Note | —Correction

from Plans

I e Difference for Conduction Load Through Glass
Outside Dry Bulb Temperature and Daily Range
¢ Inside Dry Bulb Temperature

, and 40 Shading Coefficients for Com

bination of Type of Gl
Table 1€ Aaxim Solar Heat Gain F
Latitude and Month

Table ! “ooling Lowd Factor with No Intes
r if [nterior

s and Type

tor for Specific Orieatation of Surface,

or Shading
ding is U

Solar

Partitions, nission Coelficients—Tables 3 and 4

ings, q=UxAXTD Arca Calculated from Architectural Pl
Floots Section $.0—Design Temperature Di
Internal Input Rating from [ Plans or Lighting Fixture Data
Lights \‘(Tuhlc\ 13 Coefficients * sification **b”* for Type of Fixture,
Installation Supply and Return and Room Furnishings and Construction
Table 15- ¢ Load Factor Based on Total Hours of Operation and Time
P Vote | —C n for Schedule of Operation of Cooling System L
People yber of People in Space
= Table 16 o1 Chapter 8—Sensible Heat Gai Occupants
¥ DEvI——E e Table 17—Cooling Load Factor for ple—Based on Duration of Occupancy and
Sensible I q, = No  Sens. H.G, x CLF I‘{ Time from Entry
Note | —Correction for Density of Occupants
Latent @™ No X Lat. H.G. =4 Table 16 or Chapter 8—Latent Heat Gain from Occupants
Appliances Tables 18 & 19—Recommended Rate of He jain-Sensible Heat
Tab Ise with Hood
Sensible q, = HEAT GAIN x CLF Tal Jse without Hood
\* Tables |18 & 19—~Recommended Rate of Heat Gain—Latent Heat (Without Hood)
Latent g, = HEAT GAIN (m qual to Zero When Hood is Used Over A
Power m

Alr, Standard CFM
ire Difference, deg F

Venti

g, = 1.10x CFM x Ar
gy = 4840 x CFM x4 W =2 Inside-Outside Air Humidity Ratio Difference, Ib H,0/1b Dry Air
¢ = 4.5 X CFM Xk —————————p-_Inside-Outside Air Enthalpy Difference, Bru/1b of Dry Al

Adfustment

Factor f

action of Input Enes
| Loads Excepl Ve

- 1-0.02 K et~ Eq 31

Source: 1977 ASHRAE Handbook;
Mcquiston and Paker, Heating and Ventilating, and
Air Conditioning Analysis and Design

< -CLTD and CLF method — |

[
Instantanec Comnvection component Instantaneous | Hca'i Heat
heat < 3 cooling cxtra;mon reiected
gain : : load Dy equipment i
Radiation Component 3 + ATie e
2 Convection l
Fumishings, {with time dela |
structure,
variable I
heat storage + Swing of
EYT T space temperature I

L.._..____<_.___._._._l

Figure 8-1 Schematic relation of heat gain to cooling load.

Roof, Wall, Glass: =UA(CLTD)
Solar:

g= AxSC x SHGF xCL
Internal Lights:

= INPUT xC

People:
g = No.xSens.H.G.xCLF
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History: 1946 — 1969 Cooling Load Calculation

Other Developments:

Environmental design

Finite Difference /Finite Element Method

v FDM/FEM became available in 1960 CIBSE Guida A

v" Mainly used as a basis for a computer
algorithm

Chartered Institution of Building Services
Engineers (CIBSE) Admittance Method:
v' Original developed by Loudon in 1968
v' Standard method in UK

v' The concept of thermal admittance was first
introduced by Institution of Heating and
Ventilating Engineers (IHVE) Guide in 1970

v'  Later selected by CIBSE Guide A



History: 1946 — 1969 Annual Energy Use

Annual Building Energy Use Calculation:

Heating Degree-Day Method:

v Degree Days first used to predict snow
melt.

v" Manual method was adopted in mid
1960s

v Later appeared in1981 ASHRAE
Handbook

Equivalent Full Load Hours Method :

v" Manual method was adopted in the
mid-1960s
v Cooling energy requirement calculation

Classic Heating Degree-Day Method:

E:HL-D-24_CD
At-k-V
Where,

E: fuel or energy consumption for the estimate period, Btu

H, : design heat loss, including infiltration and ventilation, Btu/h.
D: number of 65°F degree days in the estimation period

At: design temperature difference, °F

k: a correction factor that includes the effects of rated full load
efficiency, part load performance, oversizing and energy
conservation devices

V: heating value of fuel, units consistent with H, and E

Cp: empirical correction factor for heating effect versus 65 °F
degree-days

Cooling Season Power:
Pe - 0.746(bhp), (T)H,

E
Where,
Pc: cooling season power (kWh)
(bhp): brake horsepower per ton

c T: maximum refrigeration design load (tons)
v’ Later appeared in 1981 ASHRAE Handbook H,: equivalent full-load refrigeration operating time (h)

E: motor efficiency at average load(decimal)



History: 1946 — 1969 Annual Energy Use

Bin Method:

v' Manual method was
adopted in the mid-1960s

v' Heating and Cooling

v' Energy Calculation

v' Later appeared in1981
ASHRAE Handbook

&  Heat gains
X

Heat losses

2400 -
2000 =
1600
1200 4
TOTAL HEAT GAINS (WITH SOLAR)

800 3

TOTAL HEAT GAINS (WITHOUT SOLAR)

400 3

0
-400 3
-800 3

-1200 4

-1600 4

<2000 -

-2400 {4

v T
-20 -10 0 10 20 3

YTy

0 40 50 eb 70

1Ty Y T
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80 90 10

Outside Air TemperJtu re

Figure 1

Simplified building load c:malysis.
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History : 1946 — 1969 Computer Developments

Q

a

ZQQ} CBECS ipivey for All Buildings
|

L———im.f-

In 1957, FORTRAN | complier was developed by

John Backus and colleagues at IBM
During 1958 — Present, FORTRAN 11, III, IV, i
FORTRAN 66, FORTRAN 77, Fortran 90,

Fortran 95, Fortran 2003, Fortran 2008

are available

In 1960, PDP-1, the first commercial mini computer
was available

In 1964, BASIC programmlng was available

H
H
—— -
@
2

£
z

IBM Malnframe Computer 704 Series PDP-1 Mini Computer IBM PC 5150
Today, most whole building simulation programs are still using FORTRAN

Source: http://www.mainframegurukul.com/ibm/what-is/mainframe-computer.html;
http://pdp-1.computerhistory.org/pdp-1/index.php?f=showitem&id=26.21&|=1&popupwin=1; http://www-03.ibm.com/ibm/history/exhibits/pc25/pc25_intro.html



History: 1946 — 1969 Annual Energy Use

Thermal Network Method:

v Thermal Network Model varies

v' Refinement of the Heat balance method

v Thermal network model was available in 1958
v Later appeared into1997 ASHRAE Handbook

TE —56.5"
EAVE ROOF ROOF \
‘: OVERHANG -
L

= W N =
| [ S
5 ]
l 5
' = - 2"
s ' —| a8
WEST | HORTH I %'LL.
whbt 1 WALL | _—
— o e e e
- WINDOW g > g
Souin GLASS i l \!' P
WAL - _
- - e
B el 1t B
-l e = 1R ———— _?_,.-"

Fis. 1—5cueEmaric Dracray or TEsT House

Source: Buchberg, H., 1958. Cooling Load from Thermal Network Solutions. ASHAE
Transactions, Vol.64, pp. 111-128
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CONFIGLU-
RATION ROOF METWORKS
A TABLE A—MaGNITUDE 0F DECREMENT FacTorS
5 ha F M3 App, TME Lac
* k) El !
fe TO RADIATION o s et Do e throvgh 1 ose | 095 | abes
NETWORK B. Solur radiation transmitted through
Ta T south glass ref, E 2 in floor.. .. o000 oo00 066 1.00 1 kr, approx,
i Gin floor.. ..ol 0.47 1,00 | 1 hr, appros,
C. Southwest wallref, 'L ..., ..........| 0.93 0.92 | 0he
D, Roeof problemy, ... .o ool 0.34 0.83 | dhr
E TD RADIATION
tow NETWORK -
.
U—I“ - RC Networ d for layered
.. . s, roofs.
| twork allowed for nodal
: a, :
¢ - T0 RADIATION res to be determined.
NETWOREK
In

Fic. A-2—Conpvuction Para Tuermar NeETwork Cox-
FIGURATIONS FOoR RooF SECTIONS

Source: Buchberg, H., 1958. Cooling Load from Thermal Network Solutions. ASHAE Transactions, Vol.64, pp. 111-128



History : 1946 — 1969 Annual Energy Use

Computer Algorithms:

Thermal Response Factor Method:
v First developed by Stephenson and Mitalas in 1967

v’ Later appeared as Weighting Factor Method in1981 ASHRAE
Handbook

Heat Gain Weighting Factors:  vy,v;,v,, -+, W,,W,

For each type of heat gain g, cooling load for Q,.

Qy =Volp +V1lpy +... =W Qpy —W,Q,, —...

Air Temperature Weighting Factors: 09,9::9,,-, P, P,



History: 1946 — 1969 Annual Energy Use

Computer Algorithms:

Thermal Mass: Transfer Function Method:

v Firstly introduced by 1972 ASHRAE Handbook of
Fundamentals
v' Associated Sol-Air Temperature

Heat gain through a wall or roof:

= AD bL ) - Zd( =N te2 o]

Where, Function of time
ﬁ '.I'EIFI_'I 5

in time
series

bn Cn dn

Transfer function coefficients

[i] Fat 25 A L. FaN 550 [i s
T1ME
Fig. 1 Time-series representation of a continuous

function

Source: 1972 ASHRAE Handbook; Stephenson and Mitalas, 1967, Cooling Load Calculations by Thermal response Factor Method



History: 1946 — 1969 Cooling Load Calculation

Computer Algorithms:

—

ABSORBED
INGDENT

Heat Balance Method:

v Early used for general thermal modeling |
in aerospace and other industries

v Detailed calculation procedures by [
Buchberg in 1958

v' Later appeared in 1981 ASHRAE
handbook

System Heat Transfer: Ooys, =A+ btaj

Y
THROUGH THE
WALL CONDUCTION
A v

Y
INSIDE FACE
HEAT B\: ANCE

INFILT RATION
| VENTILATION
EXHAJST AIR

Alft HEAT _/r:cv. ECTION
BALANCE - FRCM INTERNAL

SOURCES

N
a+ A Nits; |+ PCVingir, b, + ein
i=1

where, t, =

J

N
—b+ Z ANG + pCV gt + PV e,
=

Schematic of Heat Balance Processes in Zone
(Source: 2009 ASHRAE Handbook)
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History: 197/0—-1989 Guide Books

2003 CBECS Survey for All Buildings

500,000
ONortheast ©Midwest mSouth mWest

Guide Books:
1972 ASHRAE Handbook of Fundamentals
1977 TRANE Air Conditioning Manual

1975 ASHRAE Task Group on Energy Requirements: L ] m
Procedure for Determining Heating and Cooling AUt

Number of Buildings

Loads for Computerizing Energy Calculations

PROCEDURE FOR DETERMINING
HEATING AND COOLING LOADS
FOR COMPUTERIZING

ENERGY CALCULATIONS
Algorithms for Building

Heat Transfer Subroutines

Complled and Published by

0 The ASHRAE Task Group on Energy Requirements
for Heating ana Cooling of Butidings
nnnnnn Soclety of Heating, Refrigerating

and Air-Conditioning Engineers, Inc.

Air Conditioning Manual
=




History: 1990 — Present Guide Books

2003 CBECS Survey for All Buildings

ONortheast ©Midwest mSouth m\West 1

Guide Books:
1993 ASHRAE Handbook of Fundamentals

1996 TRANE Air Conditioning Manual

IIXBS?I%AE HANDBOOK Air Conditioning Manual

FUNDAMENTALS

1P Edition
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Determine infiltration
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Calculate solar
intensities for A
each hour for
‘each exterior Calculate diffuse oL Sum all convective
oy solar heat gain for g B P portions for
| each hour, each window St hotir
Using wall/roof conduction g
: time series, calculate
Calculate sol-air heat gain for » = e Hourly
oach hour for . [—>] each hour for each % C, cooling
each exterior
surface g
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5
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heat gain for each 3
holxeachiWdow, = Process all the radiant
‘,ﬁ- heat gains as radiant

or nonsolar (conduction,
lighting, people
equipment). The result
is hourly coaling loads
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heat gains.

Y

Determine lighting
heat gains

L

Determine equipment
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Fig.8 Overview of Radiant Time Series Mcthod

Source: 2001 ASHRAE Handbook of Fundamentals
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History: 1990 — Present Cooling Load Calculation

Residential Heat Balance (RHB) and Residential Load Factor
(RLF) Methods:

v First introduced by Barnaby, Spitler and Xiao in 2004 ASHRAE
Final Report

v" Both methods used for residential calculations

v’ Later appeared in 2005 ASHRAE Handbook of Fundamentals

Table 1  RLF Limitations

Hem Valid Range "Jit =
L $O up tely valid fc th | VOr
I for s emnispher
\pplic { be summer p Builsh | will
sagnalf SISW glazing may ¢ NN oad In
Wl or 1er. Use RHB f local expen )
possil
h RLF fac Y N cley ' |
e  elov
15 I~
1t Design 155
" de
heweigh! resudentia TN 15 | May " in .
TN, WY ¢ slu ngl C1 [ e
1 5% of | Spa Iy high fenestrot analyz 2HB
a ol
e | Skvl It bess thas g8 horzontal, | n I
" . loped plazis lyzed will |
} lentsal I h hagh 1 h occupant d I
T th RHB ¢ } [ jures
s h exten | | Ix
I Iypica I J
RHB

Source: 2005 ASHRAE Handbook of Fundamentals



History: 1990 — Present Cooling Load Calculation

Modeling Radiant Systems Using a Heat Balance Simulation:
v’ First studied by Strand & Pedersen in 1994,

v First published by Strand in 2001 thesis.

v' Required the development of new type of transfer functions.

v" Now a module in the EnergyPlus program

Building Systems Simulation Manager
®Heat Balance (Zero Radiant System Source/Sink)

Zone
Conditions
Corrector

[ ]
2]
=
g

Zone
Conditions
Predictor

stems and Plants (feedback to zone)

Simulate Building
Systems

Zone Time Step —p

Plant Loop

Air Loop Condenser Loop I l Sin
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History: 1960 — Present Annual Energy Use

Building Energy Modeling Programs:
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History: 1990 — Present Summary

Thermal Mass Studies (Examples):

O Thermal structure factors proposed

U Thermal mass factors introduced by

by Kossecka in 1992

ISO Standards 9869 in 1994
O Radiant Floor Heating and Cooling systems (Olesen 1997, 2002)

Structure Factors for Walls with Cores Composed of Heavyweight Concrete and Insulation,
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Decrement Factors, Amplitudes, and Time Shifts of the Transmittance and
Admittance Response for Walls with Cores Composed of Heavyweight Concrete

2k and Insulation, Shown in Figure 1
Shown in Figure 1
Wall No 0idQu /B Response D/B Response
Structure No. Layer thicknesses (in.) ‘ Pu L Pie r Pee DF | Amplitude Buht®°F | 7,(h) | Amplitude Buhf?°F| 1, (h)
Gypsum - Heavyweight Concrete - Insulation - Heavyweight Concrete - Stucco Gypsum - Heavyweight Conerete - Insulation - Heavyweight Concrete - Stucco
1 1/2-3-4-3-3/4 0408 0.048 0.496 1 0.048/0.408 0.270 0.0148 -8.831 0758 1.565
2 1/2-4-4-2-3/4 0.530 0.053 0.363 2 0.053/0.530 0.251 0.0138 -8.524 0.764 1.231
3 1/2-6-4-0-3/4 0.770 0.068 0.094 3 0.068/0.770 0.205 00112 -T478 0.746 0.908
Gypsum - Insulation - Heavyweight Concrete - Insulation - Stucco Gypsum - Insulation - Heavyweight Concrete - Insulation - Stucco

4 0.040/0. 0.35 0.0196 -6.761 0.153 4.07.
4 1/2-4-6-0-3/4 0.034 0.040 0.885 sk . il
5 0.187/0.460 0,070 0.0038 -8.237 0226 1.905

5 1/2-1-6-3-3/4 0.460 0.187 0.167 -
— 6 0.222/0.234 0059 | 0.0032 -8.288 0171 2.998
/2-2-6-2-3/4 0.234 0.22 . e
8 . 5 ? £ : Lo Homogen. Core 0.162/0.294 0.039 | 0.0021 -20.548 0.398 2386
Homogeneaus Core 1/2-10 - 3/4 0.294 0.162 0.382

Source: Kossecka, E. and Kosny, J. - “The Effect of Structure of Exterior Walls on the Dynamic Thermal Performance of a Whole Buildings” - Propblemy

Projektowania, Realizowania i Eksploatacji Budynkéw o Niskim Zapotrzebowaniu na Energie - Politechnika Krakowska - IV Conference - Krakow-Mogilany, Poland -
October 14-17, 1998.




History: Overview Chart 1900 - Present

History of Building Energy Use and Peak Load Calculation Methods
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Summary:

* Important to consider age of building stock in the U.S.
1900 to present

» History of building load calculation methods tied to:

— The development of ASHVE, ASRE, ASHAE,
ASHRAE.

— The development of computers, programming
language.

e 1904 — 1938 no direct consideration of thermal mass
In building heat load calculation.



Summary

* Other considerations:
*1848 - Invention of refrigeration
Late 1800s — resolution of A.C. vs D.C. for electric
motors
*1911 — psychrometric chart (Willis Carrier)
*1928 — first air-conditioned office building (Milam
Building, San Antonio, TX)

* 1944 — First use of thermal mass: Mackey and Wright
develop sol-air temperature with decrement factor. 1961
adopted into ASHRAE Guide and Data Book

1961 — Total Equivalent Temperature Difference/Time
Average (TETD/TA) Method



Summary

« 1977 — TETD/TA replaced with Cooling Load
Temperature Difference/Cooling Load Factor
(CLTD/CLF) Method

* Annual Calculation Methods: 1960s - heating degree
days, equivalent full load hours, bin method.

e 1958 — thermal network models created based on
electrical RC circuits.



Summary

« Computer Algorithms (1960 — present):
 Thermal response factors,
 transfer functions,

weighting factors,

* heat balance method,

* radiant time series,

e residential heat balance, residential load
factors

* new transfer functions for radiant heating

« Examples of Thermal Mass Studies: thermal
mass structural factors, thermal mass factors,
radiant floor systems



Questions?




