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Where do we want to go?

* Reduce building energy use: one of many
“stabilization wedges” towards reducing
carbon emissions!

* Significant progress is still needed to meet
California's requirements for greenhouse gas
(GHG) emission reductions of 40% below 1990
levels by 2030 and 80% below 1990 levels by
2050.

 How does daylighting contribute to California’s
goals?

1 Pacala, S. and R. Socolow. 2004. Stabilization Wedges:
Solving the Climate Problem for the Next 50 Years with Current
Technologies. Science 305: 968-972.




€65 Solar and Visible Aperture.

C65.1 Solar and Visible Aperture of Vertical Fenes-
tration. The visible aperture (VA), solar aperture for cooling
(SA,), and solar aperture for heating (SAy) of each vertical
femestration shall be calkculated using Equations C-5, C-6, and
(&)

VA= Areag x VLT o % (1 + POCI x PF + PCC2 X PFY)  (C-5)
SA = Area, o x | 163 x SHGC x (1 = POC1 xPF + POC2 X PP C6)

SAy = Area % 1163 x SHGC x (1 + PCHL

where

Arca ¢ = glazing area of the ve

SHGC = the solar heat gain co
fenestration assembly

VLT, = the visible light truns
Jenestration sssembly

PF = the projection factor |
on the vertical femestr

PCHI, PCH2,

PCC1, and POC2 = overhang projectic
vertical fenestratk

Table C6.5.1
S2xDIExVAY
Kd, = |®l+|————]
g \ Ara, ) (€10)
(1= 103 @42 DCVAV s
where
Arcag, = fotal f al)
or skylight assemblies in the zone
VA = total visible aperture of the vertical fenestration

ot skylights in the ro0e, as calculated in C-5 /
Area o = gross waill area of the zone for versical
Jenestration or gross roof area of the 200¢ for
dvirehn
and the coefficients ®1 through @4 arc defined in Table C6.6.

TABLE C6.6
Coefficients for Calculating Ky

Basis for envelope trade-offs in

+ CU3 x (VS x CDHB0)* + CU4 x DR

CLUO = Area iy pppag x UO x [CUO1 x EA x VS x CDDSO
+CU02 xG + CUO3 x G° x EA:* x V§ x CDDS0 + CUO4
% G* x EAG® x VS x CDD6S)

CLXUO = Ared g / UO x [CXUOI x EAp % VS
xCDD30 + CXUO2 x EA x (VS x CDDS0)* + CXUO3
x G x CDDS0 + CXUO4 x G* x EAc? x VS x CDDS0
+ CXUOS x G* x CDD6S)

ASHRAE 90.1-1999 (& 2004)
Appendix C: Building Envelope

Trade-off Option

HVAC

x (VS x CDDESY* + OCT x VS x CDDSO + CC8
x (VS x CDD30)" + CC9 x (VS x CDHS0Y + CC10 x VS
+ CC11 x DR + CC12 x DR? 4 CC13)

where
ATeR oy = t081 gross area of all waily and vertical
femestration m the zonc, including opague and

Jemestration areas

Al = total opague areq of all walls in the 200

Upe = area average of U-factors of opague wails
(including those of mass construction) in the
2o0e

Vs = annual average duily incident solar energy on
surface

DR = average daily temperature range for the warmest
moath

" o s o ol 11 Ennts o8l emimein senlle aemdd

C683 Heating Factor. The heating factor for
faces in the zone shall be calculated using Equation |

HEAT = 0007669 x [HLU + HLUO + HLXUO +

+HLG + HLS + HLC)
where
HLU = Area,gogue % U, X (HU1 x HDDSO +
x (VS x HDDGS)|

HLUO = At gy * UO x [HUO) x HDDSO0 +
+ HUO3 x EAy x VS x HDDSS]

wall * {(1U0) x [HXUO! x
o HXU02 x EAg x (VS x HDI
HXUO3 x EAy’ x VS x HDD6S
e X SHMC x [HM1 + HM2 x G
G x EAy? x VS x HDDS0 + HM
65 + HMS x UO x HDDSO0 + HMH
7+ HM7 x EAy x VS x HDD6!

4 % (G x[HG1 x HDD6S + HG!

explicitly defines relationship between fagade, lighting and  xEAy; x VS x HDD6S + HG4 «

50] x G* x [HGS x HDDéS + HC

EAy x VS x HDD6S] )
saas = envemgronnunt ¥ {EAg % [HS1 x VS x HDD6!
X (VS x HDD30)’) + EAy" x [HS3 x VS x HDI

+ HS4 x VS x HDD65] )
HLC = Ated ey * [HCI + HC2 x HDDGS +
x HDD6S? + HCA4 % VS? ¢ HCS x VS x HDDS0 4
X VS x HDD6S + HCT x (VS x HDDS0)']

where

VS = onnualaverage daily incident solar energy o
SHMC = summ of the HMC from Equation C-12 for ea

wall in the z00e
EAy = cffiective solar aperture fraction for zone ca
using Equation C-17
y SA
EAy = L
A
ves e cvum of QA foram Foaation 0.7 foe all o

Title-24 code: LBNL DOE-2 study

http://eta-publications.lbl.gov/sites/default/files/16770.pdf (1983)
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http://eta-publications.lbl.gov/sites/default/files/16770.pdf
http://eta-publications.lbl.gov/sites/default/files/32931.pdf

Window C Window H

double glazing, bronze tint triple glazing, 1 low-E layer, clear
U=0.60, SHGC=0.42, VT=0.38 U=0.20, SHGC=0.22, VT=0.37
180 180
South zone . ‘
source kBtu/sf-floor-yr =~ No shading
—————— Interior shades
= = = Qverhang
Overhang + fins
160 ' 180 |—— == =iem High-rise obstruction
ASHRAE 90.1
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o - 10%
140 S 140
]
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X
- 0%
~ - -~ d
-~
120 120 . P
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S | 2 [10%
= —— T =
100 ' 100 \\ D

0 0.15 0.30 0.45 0.60 0 0.15 0.30 0.45 0.60
Window-to-Wall Ratio Window-to-Wall Ratio

Hot Climates: Houston, TX

Carmody, J. et al., Window Systems for High Performance Commercial Buildings, New York: W.W. Norton and Company, Inc., 2004.




Challenge
Optimize tradeoffs between
HVAC savings, visual + thermal comfort vs.
Lighting energy savings, daylight + view

Case studies

Methods of problem solving and evaluation
over different phases of the building life cycle
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Case study #1

Southeast Aerial



Output

Achieve sustainability and indoor
environmental quality objectives in daylit
occupied spaces in the new B40 building.

Key questions at this stage of the design

 What is the daylight quality in the spaces given the current design?

* What is the daylight availability for the current design

* What changes could be made to the core and shell design to improve
daylight quality and minimize use of shades?

 When are shades needed to control direct sunlight on the workplane and

glare?

Parameters
Window size and aperture location, glazing selection, indoor shade selection,
daylight redirecting strategies, room finishes, furniture location



Floor 7 DA300
Glass scenario 1 (VRE 24-54, 59 upper) vs 2 (VNE 1-63, lower graph)

Tvis=0.50, 0.56

Tvis=0.62

%time
<25
25-50
50-75
>75

Update #2, 2/15/17 from 2/1/17 analysis; fixed walls, 8a-4p occ, glass type change



Floor 7 DGP - Views C-E (no shades)
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View C looking east View D

lux5dgps []

7

v 9 8

il

Potential shade
requirement

. Hour of day

14 13 12

View C (east/west)

View 3 ft from window needs
shades to control glare from
equinox to equinox (e.g.,
manual or automated with
occupancy sensor)

17 16 15

18

View C looking.west View E

lux6dgps []

View D (east)

Needs shades to control glare
in the morning through out
the year

12 11 10

time
4 13

15

View E (north)

View 5 ft from window
requires occasional shades to
control glare between 7am-

17 16

18

7pm 1 2345 "6"'7" "8 a0 e "1 2"3""4""s "6 7 8" "a"10"'1n 2
month month Month
Basic Design Progress Set (January 27, 2017); Sustainability Meeting: February 1, 2017
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0.325



" 10

20 19 18 17 16 15 14 13 12

Floor 3, south, 6 ft from window

lux17
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WPI, no shade

lux2dgps

mmi et A
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0.38
BND

DGP, looking west, no shade

Design: 12/2/16, Tvis=0:70, shade OF=6%
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20 19 18 7 16 15 14 13 12

WPI, shade

lux2dgps

il

DGP, looking west, shade

Al




Case study #2: New construction — Following through
on specifications, construction, and commissioning

g -
e \
.
s - . —

© Perkins & Will




Broaden opportunities for daylight:
Control sunlight, bring in diffuse daylight, scatter the light within
the interior




East Facing (testing) Orientation
242° (28° South of West)

Test Procedure Pt e

» Testing three facade orientations:
South, West, and East

South Facade Orientation West Facade Orientation East Facade (B35) Orientation
208° (28° West of South) 298° (28° North of West) 118° (28° South of East)

http://eta-publications.lbl.gov/sites/default/files/Ibnl-1005151.pdf



http://eta-publications.lbl.gov/sites/default/files/lbnl-1005151.pdf
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SHADE

95%

TOP 5%

FACADE o6 0r LMT BAND CLASS
Light 0285 0.209 A
WEST
Dark 0270 0.283 A
Light 0353 0.406 B
EAST
Dark 0345 0.375 A
Light 0292 0.301 A
SOUTH
Dark 0274  0.289 A

East Facade, Sep. 27 - Oct. 1

T 06 [
o |
] !
z
o /
= 04 2
E
3
o
0.2
/ Dark Gray Fabric ——
- Medium Grey Fabric ——
0 d-—r-""f | 1 . .
0 01 02 0.3 0.4 0.5

Glare Index (DGPY

0.6

Cumulative Percent

Cumulative Percent

0.8

0.6

0.4

02

0.8

0.6

02

S5

West Facade, Sep. 20-25

Iz

Dark Gray Fabric ——
Madium Grey Fabic ——

0z 0.3 04

0.1 05 06
Glare Index (DGF)
South Facade, Qct. 4-8
/i
Ii I.
III 'II
|
j |
r..—o.lT_"._..a
/|
/, Dark Gray Fabric ——
et Medium Grey Fabic ——
01 0z 03 04 05 06

Glare Index (DGF)Y
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A 0.07

4 0.05

wlruau M
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4 0.05

4 0.07

i 0.05

g 0.045

o 0.30

W 0.008

L 0.05

4 0.07

& 0.05

W 0.008

¥ 0.30 |y
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& 0.05

L& 007

4 0.05

o 0.001
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0.05
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0.001
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0.05
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0.008
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0.05
0.07
0.05

0.001
0.045

0.30 =

* We provide starting point dependency
values based on FLEXLAB

* Lighting in the building ends should
be influenced by three photocells, one
at each facade.



Glare | HDR Camera Locations, South Area

il WestS?t\ge
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48 HDR Camera Position & Direction

m = = = = Shade Group

http://eta-publications.lbl.gov/sites/default/files/genentech burn-in.pdf



http://eta-publications.lbl.gov/sites/default/files/genentech_burn-in.pdf

Glare | South #1 3/25-4/3, 4/14-4/20 & 5/1-5/7

Daily Glare Plot for April 1, 2015
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Case study #3: Retrofit construction — Living Lab
investigation of LED + automated shading controls

Demonstration site: 2.14 Mft?, 43-story office building, 90.1-1999 compliant,
LEED Gold certification, occupied in 2009

https://facades.lbl.gov/nyclivinglab

http://eta-publications.lbl.gov/sites/default/files/nyc-living-lab-final-report.pdf



https://facades.lbl.gov/nyclivinglab
http://eta-publications.lbl.gov/sites/default/files/nyc-living-lab-final-report.pdf

Daylight-controlled
dimmable lighting

UFAD swirl
Open plan - diffuser
work area 4




Daylight

17.2 feet from window

l Daylight between 200-1
2 | 600 lux for 25% of 6-
month period

19
10 l

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 =800

Daylight illuminance levels exceeded 200-300 lux for 47%, 38%,
and 25% of the monitored period at the three zone depths of
2.5,9.9, and 17.2 ft from the window.



Visual Comfort
Time-lapsed HDR im

cd/m2

562.341

1778  10/25/15-13:40



Visual comfort

Please rate the level of glare in your usual workstation since February 1, 2016.
Intolerable Uncomfortable Acceptable Perceptible Mot Perceptible

From the windows 0 0
From the lights 0 0
Other bright surfaces 0 <>

K_Y_)

Survey responses: reference n=2-8; test n=4-30 subjects
Occupant responses were within 2.5-3.1 on average,
where 3.0="acceptable” glare levels

{ Reference (Floor 17)
¢ Living Lab (Floor 23)
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Weekday lighting energy use (Wh/ft>-day)

Lighting energy savings (weekdays)

ASHRAE LPD
1.3 W/ft?
(upper bar);
installed LPD
1.04 W/ft?
(lower)

T5 to LEDs

517 lux

87%

517 to
270 lux
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Actual
reference
energy
use,
periods
1&2

Test case
savings
due to
LED
source

Test case
savings
due to
tuning,
periods
1&2

Test case
savings
due

occupancy
& daylight

Actual
test
case
energy
use




What defines high-performance?

__________________

* Thermal comfort  +1% increased

\
|
|
Visual comfort ! occupancy rate?
' +1% increased
:
|

Natural daylight oroductivity?

— e o o o e o . . oy

. Outdoor views

-—e o o o o o e o o e o e o .

Sustainable <“:y

Energy efficient

~




il 4'._ " of ¢ ‘2 "

“Goldman Sachs was interested in reducing
energy use, but we also wanted to significantly

o

//improve the environmental quality of our offices.”
— Cindy Quan, Goldman Sach’s head of environmental,
social and governance for corporate services and real
estate. /

I/‘



Case study #4: Persistence of savings — Post-
occupancy evaluation 5 years later

P Sensors
Digital Lighting

e

E-_m

Low Partitions

/ .///// UFAD

https://facades.lbl.gov/newyorktimes/nyt_post-occupancy.html

http://eta-publications.lbl.gov/sites/default/files/lbnl-6023e.pdf



https://facades.lbl.gov/newyorktimes/nyt_post-occupancy.html
http://eta-publications.lbl.gov/sites/default/files/lbnl-6023e.pdf

Frequency of manual override of automated shades
(600,000 ft? installation)

1800 — N

i - €= 20% of all motor

% 1600 - 20% of all motor ~— | &roups have:

= groups have an 174 overrides/yr

E 14000 4 average of. : for 408 work hrfyr

£ 12 overrides/yr for .

w 1200 11 work hours/fyr .

o i

% 1000 - + number of gverrides per motor

2 r Broup per year

5 !

¥ 800 'f

E RN « total override time (hours/year) per

E 600 - motor group during workhours of
2:004M -6:00PM

= 17% of all motor ' 3

o 400 1

= Eroups were never

i

manually overridden
g 00 ¥ ov
>
0
0 200 A 600 800 1000

Motor group

Figure 15. Distribution of the number of manual overrides per motor group for all motor groups on all
floors during work hours (8:00 AM to 6:00 PM) on weekdays for one year.



Energy and demand savings (20 floor)

Site Electricity
— 8.16 kWh/ft2-yr use
— 2.58 kWh/ft2-yr savings
— 43% lighting savings
— 23% cooling savings (despite larger WwR)
Site Heating
— 1.31 kBtu/ft?-yr use
— 51% savings
Peak electricity demand
— 2.65 W/ft2 use
— 1.08 W/ft? savings (22%)
— 628 kW reduction total

— 0.49 W/ft? lighting reductions during
summer

Annual EUI, kBtu/sf-yr

20 -

Annual energy use comparison

15.8

0.44

90.1-2001 Times Co.

Annual |

Lighting
M Heating
B Cooling
B Pumps/CT
H FPB
M Fans

H Equipment

Outcome of occupant surveys — occupants who understood the basis for energy
efficiency measures were more likely to be satisfied with the measures

http://eta-publications.lbl.gov/sites/default/files/nyt-lIbl-occu-satisfaction.pdf



http://eta-publications.lbl.gov/sites/default/files/nyt-lbl-occu-satisfaction.pdf

Case study #5: Retrofit with switchable electrochromic

windows

gy

g-portland-lee.pdf

http://eta-publications.lbl.gov/sites/default/files/gp

https://www.gsa.gov,

lop

ing-building-technologies/published-findings/building-enve

nmentwide-initiatives/sustainability/emerg

/gover



http://eta-publications.lbl.gov/sites/default/files/gpg-portland-lee.pdf
https://www.gsa.gov/governmentwide-initiatives/sustainability/emerging-building-technologies/published-findings/building-envelope/

Monitored outcomes

36% annual lighting energy
savings due to daylight

57% reduction in weekend
VAV cooling load when in
setback mode with tinted EC

85% and 92% of occupants
preferred EC windows over
existing windows in Phases
|&Il, respectively.

40% more blinds fully raised
in EC area compared to
original windows in private
offices

1.0
0.8 -

0.6 |

SHGC

0.2

100%
90%

80%

60%
50%

40%

% observed blinds fully raised

30%
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0%

04 -

70% -
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i /I

reflectjve /

selective low-e

e T
— T T T T T T T T
Tint4 0.2 0.4 0.6 0.8
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Figure 7. Suggested direction of material science R&D for dynamic glazing materials. An ideal switchable chromogenic
glazing would have fast switching, narrowband near-infrared properties with Tvis>0.50 when clear/ bleached. Note:
EC=electrochromic, Gasch=gasochromic, BB=broadband. NB=narrowband.

http://eta-publications.lbl.gov/sites/default/files/ch6.3-innovative glazing lbnl 2001193 eslee.pdf



http://eta-publications.lbl.gov/sites/default/files/ch6.3-innovative_glazing_lbnl_2001193_eslee.pdf

Case study #6: Operable, coplanar exterior shading

Between 6 types of . 'Rse-:kxon
exterior shades: i i
78-94% reductionin | “ o
window heat gains : | % N
-25% to 36% e » @ |
reductionin lighting | £ // .". . |# outdoor
energy use N R S
2-32% of day with 1 Qsolu (kwh) - Reference
glare -

compared to low-e glazing with indoor shade

E.S. Lee et al., High Performance Building Fagade Solutions, Final project report, California Energy Commission, CEC

500-06-041 (2009), Table 6.
https://facades.lbl.gov/sites/default/files/lbnl-4583e.pdf



https://facades.lbl.gov/sites/default/files/lbnl-4583e.pdf

Case study #7: Non-operable,

¥y

i B £ i

At 1 AP ) es

Av/ y / i
N Mr i

Wl

WAl

Hilton Foundation, Agoura Hills
Stainless steel roller shade (shd 6)
(picture: ZGF architects)

ARAG i R R LR GR LB e e

Li Ka Shing, UC Berkeley campus
Aluminum louvers above window
Aluminum louvers in shutters (shd 8)

(picture: ZGF architects)

http://eta-publications.lbl.gov/sites/default/files/lbnl1005092.pdf
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shd 7

coplanar exterior shading

shd 6

Slat angle = 45°, Cut off angle = 29.7°

50.0mm

shd 8


http://eta-publications.lbl.gov/sites/default/files/lbnl1005092.pdf

Case study #6: Fixed, angular selective, between-pane

~ o

© Panelite

Inclined columnar nanostructures (MJ.
Brett, J.Mater.Sci 24(1989); GW Mbise
et al. J.Phys.D: Appl. Phys. 30(1997))

https://facades.lbl.gov/between-pane-shading

Between-pane shading systems with daylighting:

20

35

30

© MicroShade TM

25

20

15

Total source energy use intensity (kWh/ft2-yr)

10

:I“@ MicroShade™ \\ 0
2 angular selective shading

system (G1) with outdoor
view (solar cut-off angles in
image above)

32-55% savings compared to Title 24 2008

Burbank Burbank
s-facing, No daylighting con S-facing, Daylighting controls
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3 annual source energy use for angle-selective
shade (G1, H1, 11, H1T) compared to Title 24 2008
& 2013 code


https://facades.lbl.gov/between-pane-shading

Case study #9: Non-coplanar shading systems

i=VTFDs
View matrix X Facade matrix X Daylight matrix X sky matrix

http://eta-publications.|bl.gov/sites/default/files/ncp Ibnl-final lee 0.pdf



http://eta-publications.lbl.gov/sites/default/files/ncp_lbnl-final_lee_0.pdf

Case study #10: Daylight redirecting systems

Passive optical light shelves, prismatic films, dynamic metamaterials

https://facades.lbl.gov/optical-light-shelves

https://facades.lbl.gov/dynamic-metamaterials
http://eta-publications.Ibl.gov/sites/default/files/lbnl-2001167.pdf
http://eta-publications.Ibl.gov/sites/default/files/lbnl-2001051.pdf
http://eta-publications.Ibl.gov/sites/default/files/lbnl-187135.pdf
http://eta-publications.lbl.gov/sites/default/files/lbnl _dual-zone shades lbnl2001196.pdf
http://eta-publications.lbl.gov/sites/default/files/passive_optical light shelf.pdf



https://facades.lbl.gov/optical-light-shelves
https://facades.lbl.gov/dynamic-metamaterials
http://eta-publications.lbl.gov/sites/default/files/lbnl-2001167.pdf
http://eta-publications.lbl.gov/sites/default/files/lbnl-2001051.pdf
http://eta-publications.lbl.gov/sites/default/files/lbnl-187135.pdf
http://eta-publications.lbl.gov/sites/default/files/lbnl_dual-zone_shades_lbnl2001196.pdf
http://eta-publications.lbl.gov/sites/default/files/passive_optical_light_shelf.pdf

Figure 5.16: Simulated and Measured Workplane llluminance at Two Representative Sensor
Locations, Test Day February 18, 2018

Case study #11: Tubular
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Lee, E. S., et al. 2019. High-Performance Integrated Window and Fagade Solutions for California. California Energy Commission (to be published).



Case study #13: Smart, integrated systems

Building-to-grid, intelligent controls for advanced facade systems
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https://facades.lbl.gov/model-predictive-controls

Lessons Learned

* Tremendous innovation from the facades sector!

 Complex optimization problem: all techs have pros
and cons -2 it’s what matters most to the client and
application (i.e., capital cost, operating cost,
maintenance, IEQ)

* Generational or sector shift from bottom-line
economics to the happiness + healthiness quotient

* Organizations are getting serious about GHG/
energy-efficiency goals and are pushing the
architectural-engineering industry to be serious too
(backed by financial penalities)



What'’s driving high-performance today?

Pressure to raise EUI

Energy efficient '
Demand responsive Comfort
GHG/ Sustainable IAQ
Resiliency Natural daylight
Economic Outdoor views
competitiveness Health + well-being

¥

Pressure to lower EUI



What can we do to help?
Enable industry to make informed decisions

Validated building physics models (daylight,
solar gains, heat transfer)

Validated human factors models (comfort, IEQ/
view, health)

Certified, standardized product database for
plug and play, apples-to-apples analysis (e.g.,
NFRC, AERC)

Facility management tools for commissioning,

fault diagnostics, and continuous M&V; provide
a feedback loop to industry



Model development and validation
Matrix algebraic methods for speedy annual simulations

Sun only
: Solar orb has
7 accurate solid
' angle
: Transmitted
_ S SII irradiance has
B> SR IR accurate spatial
eIt Cas distribution
Three-phase method Five-phase method
 Iw=VIDS | Ipn=VIDS - ViTDgSte + CasSen | FOXN

resolution

http://eta-publications.Ibl.gov/sites/default/files/ibpsa_0.pdf
http://eta-publications.lbl.gov/sites/default/files/lbnl-2001102.pdf



http://eta-publications.lbl.gov/sites/default/files/ibpsa_0.pdf
http://eta-publications.lbl.gov/sites/default/files/lbnl-2001102.pdf

IEA SHC Task 61C
and
B AERC

* Define standard methods for
generating product data for
complex fenestration systems in
support of modeling daylight and
solar radiation impacts in buildings
such that simulated values agree
with measured data to within an
RMSE<5-10%.

http://task61.iea-shc.org/meetings
https://www.radiance-online.org/community/workshops/2018- 3% openness factor pea white
loughborough/presentations/03-HighResBSDFs.pdf el

roller shade fabric



http://task61.iea-shc.org/meetings
https://www.radiance-online.org/community/workshops/2018-loughborough/presentations/03-HighResBSDFs.pdf

LOW ENERGY « HIGH PERFORMANCE STAFF | CONTACT U

BUILDING FACADE SOLUTIONS g

RESEARCH &
DEVELOPMENT

CREATING LOW-ENERGY FACADE SOLUTIONS FOR TODAY'S BUILDINGS Day

New fenestration technologies and systems
that optimize the synergies between the
facade, lighting, and mechanical systems can
deliver high performance throughout a
bullding’s lifespan. These "integrated

solutions represent a key opportunity to
significantly reduce energy and demand,
helping to move us toward our goal of zero
net energy buildings by 2030
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https://facades.lbl.gov/

