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Kings Road House - Schindler

Kings Road House - Schindler
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design the unseen
scales beyond

INSTITUTE FOR HEALTH
IN THE BUILT ENVIRONMENT
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How can the built environment help?  And  daylight?

Biology and the Built
Environment Center
Baker Lighting
Laboratory

Energy Studies in 
Buildings Laboratory

Biology and the Built
Environment Center
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INTRODUCTION 5

temperature extremes, ranging from –48 to 119°F, makes “mild” a 

misnomer at times. Northwest weather and climate are dominated 

by two main elements: (1) the vast Pacific Ocean to the west and (2) 

the region’s mountain ranges that block and deflect low-level air.3 

In the Pacific Northwest, as the jet stream pushes air from the west 

inland to the east, clouds form on the western slopes of major mountains, 

including the Cascade Range, and clearing occurs to the east. Long-term 

weather data indicate that Seattle and Portland, both west of the Cascades, 

are overcast nearly 230 days per year, but the inland cities of Spokane, 

Washington, and Boise, Idaho, are overcast only 191 and 155 days per year 

on average respectively. Overlaid on the contrasting character of areas west 

and east of the Cascades is a distinct seasonal shift between cloudy winter 

months to a dominantly clear sky period between July and October—this 

pattern is most apparent west of the Cascades. The annual periodicity of 

overcast and sun, caused by shifts in the jet stream over the Pacific Ocean, 

combines with mild year-round ocean temperatures to amplify precipitation 

in winter and inhibit it during the summer months.4 

The physical and visual experiences of climate in the inland Pacific North-

west are different from those in the maritime coastal areas. Consequently, 

each subregion’s daylight has its own characteristics. A common experience 

east of the Cascades is the golden glow of low-angle late summer sun that 

reaches across burned sagebrush-cloaked foothills and paints the ridges light 

umber and the valleys dark umber during the early morning and late after-

noon and a vibrant gold at midday. In contrast, the forested coastal regions 

of the maritime Northwest are defined largely by the inverted topography 

of cloud cover. Here, mild temperatures predominate, and steely silver-gray 

Cloudscape. Photo: Mary Randlett, Cloud Form 

#1, September 1998. Courtesy Special Collec-

tions, University of Washington
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Daylighting Design in the Pacific Northwest, Van Den Wymelenberg & Meek, UW Press



5/24/19

5

Portland Community College  - SRG Architects
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Florence Nightingale Ward
Radiant Heating, Thin Floor plates, Courtyard gardens, Cross Ventilation

Biology and the Built
Environment Center
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Dust Microbial Communities have Dosage-
Dependent Responses to Daylight

How can we use this as a design tool?
Terry Thomas – Photo Meek VDW

Daylight Dust Bunny Boxes
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Apogee SU 100 – UV-A/B Sensor
250-400 nm
w/m2

Li-Cor 210 SA – visible light
400-700 nm
lux or footcandles

UV Light Visible Light

Daylight Dust Bunny Boxes

Fahimipour et al, 2018 // https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-018-0559-4

Daylight Autonomy in Dust Bunny Boxes

https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-018-0559-4
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Bacterial Culture Study

The effect of UV and visible light on the viability of P. monteilii and E. coli 
relative to the average colony count of dark boxes.
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PMA to understand viability & qPCR to understand absolute abundance

High-throughput DNA Sequencing
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PMA Treatment

Subdivide
Samples PMA

Extract & 
Amplify 

DNA

Viable DNATotal DNA

PMA

Live Cell

Dead Cell

Fahimipour et al, 2018 // https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-018-0559-4

Fahimipour et al. Microbiome  (2018) 6:175 Page 7 of 13
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Fig. 2 Effects of light on dust community β-diversity and microbial abundance. a t-distributed stochastic neighbor embedding (t-SNE; [52])
visualization of pairwise Canberra distances, calculated using log10 1+ x-transformed RSV absolute abundances. Ellipses delineate treatment groups
and represent one standard deviation from the group centroid. Points represent bacterial communities that are colored by their corresponding
lighting regime: dark are gray, visible are gold, and ultraviolet are blue. The size of each point is scaled proportionately to the qPCR-based estimates
of absolute bacterial abundances. Dark and light shades of each color indicate whether the sample represents the total or viable community
respectively. b Boxplots of qPCR-based estimates of log10-transformed absolute abundance per milligram dust. The left and righthand boxes for
each factor level correspond to the total and living bacterial abundances respectively. Colors are the same as in panel a

skin-derived taxa and 24.2% ± 5.6%, 64.9% ± 2.1%, and
62.1% ± 2.1% (mean ± SEM) outdoor air-derived taxa on
average. In contrast, fewer than 1% of genera on average
were predicted to have originated from the human gut and
soil habitats in our training set. Dust experiencing light

Table 1 Results of pairwise PERMANOVA analyses of Canberra
distance between treatment groups

Contrast Total/living R2 adj. P

Dark-visible Total 0.111 0.002

Dark-UV Total 0.11 0.002

Visible-UV Total 0.032 0.043

Dark-visible Living 0.072 0.002

Dark-UV Living 0.066 0.002

Visible-UV Living 0.031 0.099

RSV features were weighted by their log10 1+ x-transformed absolute abundances.
The Contrast column indicates the pair of factor levels to which the statistics refer,
and Total/living designates whether analysis was of the total (i.e., no PMA treatment)
or living (i.e., PMA treated) components of the communities. Model results are
provided in the R2 and Benjamini-Hochberg adjusted P values columns

comprised a significantly smaller proportion of predicted
human skin-derived bacterial genera compared to dark
communities (ANOVA; P < 0.001) and instead contained
a plurality of outdoor air-derived genera (Fig. 3a). A higher
relative fraction of skin-derived bacterial genera was pre-
dicted for communities experiencing darkness, although
these taxa consisted mainly of dead individuals (Fig. 3a,
dark shades). The predicted proportion of outdoor air-
sourced genera was higher in the living portion of all
communities, and in particular those experiencing light
(Fig. 3a, light shades).

Related taxa are associated with darkness and light
exposure
A phylogenetic tree-informed sparse discriminant anal-
ysis [59] identified a mixture of 12 small clades and
8 RSVs that strongly discriminated between dark, vis-
ible, and ultraviolet light dust communities (Fig. 3b–e;
Additional file 3: Table S2) based on their feature load-
ings on the discriminating axis. The largest of these
clades was a dark-associated group of 23 RSVs in the

High-throughput DNA Sequencing

https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-018-0559-4
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Light exposure reduces abundance of skin-associated bacteria in dust

Fahimipour et al. In Review

Used source-tracker - a 
machine learning 
classifier - to assign 
bacteria found in the 
dust to environmental or 
human sources

Dust experiencing light 
has a significantly lower 
proportion of living 
human-derived bacteria, 
instead containing more 
environmental bugs

Fahimipour et al, 2018 // https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-018-0559-4

High-throughput DNA Sequencing

Humans spend 

>90%
of our indoors!

https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-018-0559-4
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new indoor habitats 

NASA Commissioned Art by Rick Guidice and Don Davis - 1975

High-Performance Architecture
Exploring an Evolutionary Past and Sustainable Future, From Tents to Spaceships

Biosphere 2

High-Performance Architecture
Exploring an Evolutionary Past and Sustainable Future, From Tents to Spaceships

from caves to spaceships

But is this really 
what we want 
as humans?

Workers value daylight and views over anything else!

Courtesy: UW - Meek



5/24/19

13

VIEWS, esp. vegetation & water, increase property value ~ 60%

Terry Thomas – Photo Meek VDW

Environmental Services Building – Photo Meek VDW

100 JACQUELINE CRIST GALLERY

Interior, looking southeast in gallery. Photo:  

C. Meek and K. Van Den Wymelenberg.

Daylight is #1 Sustainable Strategy

J.Crist Gallery, Carver Photo Meek VDW
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100 JACQUELINE CRIST GALLERY

Interior, looking southeast in gallery. Photo:  

C. Meek and K. Van Den Wymelenberg.

0% 20% 40% 60% 80% 100%

Dayl ightin g

HE Lighting

HE Envelope

Hi R  Glazing

Natural Vent

HE HVAC

Heat Recov

Coo l R oof

Radiant

GSHP

UFAD/Displ

2014 NBI - Technologies Used in ZNE Buildings

Daylight is #1 Sustainable Strategy

Courtesy: Bullitt Foundation
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LBC Beauty and Spirit Occupant Survey

Courtesy: Bullitt Foundation / UW-Meek

LBC Beauty and Spirit Occupant Survey

Courtesy: Bullitt Foundation / UW-Meek
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Ford Motor Company Automobile Storage and Finishing 1908 Image: AKA

Daylit                    
out of necessity…

1189
Windows that have enjoyed 
daylight and view for a period  20 years or more…
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“Light is as necessary to the perfect growth and nutrition of the human 
frame as are air and food; and, whenever it is deficient, health fails, and 
disease appears… Artificial is but a very bad substitute for natural light. 
Plants reared in a strong artificial light will become green, and grow, but the 
green is of a pale yellowish hue, and they are sickly looking and diseased. 
This fact partly explains the pallid and pasty complexion of those who turn 
day into night, and whose existence is spent in a great measure by candle-
light. For health, we cannot have too much light, and, consequently, too 
many or too large window.” 

The Duty on Glass. (February 22nd, 1845). The Lancet, 1, 214-215. Poor Daylight and Health
Glass Tax and Masonry Construction

Daylit             
for health…

An Architecture of Salubrity
Glass and Daylight

Association pour le Patrimoine de Leysin
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“Architecture appears for the first time when the sunlight hits a wall.  The sunlight did not 
know what it was before it hit a wall.” 

– Louis Kahn

“energy will be too cheap to meter”
Lewis Strauss – Chairman of the U.S. Atomic Energy Commission, 1954
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Photo by Lucian Perkins, courtesy of NASA

thin blue line between us and beyond

Daylit             
because of 
energy…
…carbon



5/24/19

20

43

50%
of BTUs are 
consumed 

by buildings!

October 2003

Daylit…to save energy…and recruit tenants

Banner Bank Building – Photo Mahic VDW
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Banner Bank Building – Photo Mahic VDW
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Courtesy: UW - Meek

Daylit…to save energy…and recruit tenants

Terry Thomas – Photo Meek VDW
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Terry Thomas – Photo Meek VDW

Design EUI :48 kbtu/sf-yr
Measured: 41 kbtu/sf-yr

Installed LPD: 0.6 w/sf
Measured LPD: 0.26 w/sf

High Occupant Satisfaction

Terry Thomas – Photo Meek VDW
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Courtesy: Bullitt Foundation

.4 w/sf connected LDPDaylit for ZNE

Courtesy PAE
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Overcast Summer Day (27 June 2016)

© UW Integrated Design Lab, 2016

Clear Summer Day (1 Jul 2016)

Should we let the market decide?

Are we there yet?
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6 firms
reported an average pEUI savings of 70% 
or greater across their portfolio

16 firms
reported portfolio average pEUI
savings between 60% and 70%

331 projects
met the target of at least 70%
pEUI savings–and over a third of
those projects were 100,000 sq.ft.
or greater

Ambitious, achievable goals…BUT

source: AIA 2030 By the Numbers: The 2016 Summary of the AIA 2030 Commitment

145

2014

152

2015

175

2016

2017 Report – (most current) 

6 -> 11 achieving  //  175 -> 212 reporting 

2016 - 6 firms
reported an average pEUI savings of 70% 
or greater across their portfolio

2017 -
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AIA, “PICK UP the PACE!”

2.3% energy consumption in 2017

oops!
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1910 Mtoe
1990 in US

1910 Mtoe
1990 in US

…
2201 Mtoe
2017 in US
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Should we let the market decide?

Are we there yet?

You’re going the wrong way!

We need more leverage!

Courtesy: Tom Hootman
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1984 – 35 Years ago…we learned daylight and view increases healing

Ulrich (1984) identified an:
- 8.5% reduction in post-operative hospital stay (7.96 days versus 8.7 days)
- Patients received fewer negative evaluations from nurses 
- Patients took fewer strong analgesics. 

Patient rooms intended for 
more than 24 hours of 
occupancy must have window 
of area … as defined in section…

TODAY – we require windows in patient rooms
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Wal-Mart, Lawrence Kansas, 
Reported “significantly higher” sales in the 
skylit part of the store 
The Wall Street Journal, Monday, Nov. 20, 1995

HMG –Retail Sales
2002 - Retail Sales driven by: 

1) store hours
2)years since remodel 
3)presence of skylights

1995 – 24 years ago we learned daylight improves retail sales

TODAY – retail stores use skylights

Sacramento
Walmart
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Portland, OR
Walmart

Portland, ME  
Walmart

Phoenix
Walmart

Moncton 
Costco
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Boise    
Walmart

Detroit 
Walmart

Omaha
Walmart

Des Moines
Walmart
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Minneapolis 
Walmart

Indianapolis    
Walmart

Cleveland 
Walmart

Toledo 
Walmart
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Cincinnati 
Walmart

!

Pittsburgh 
Walmart

TODAY – Title 24 & IECC require skylights in box stores
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1999 – 20 years ago we learned daylight improves learning outcomes

Studies show links between improved learning and daylit 
classrooms with a view.
-Heschong Mahone Group 1999, 2003 • Capistrano: In the year 

analyzed (1998), 
students with the most 
daylight improved 20% 
more on math and 26% 
more on reading tests 
(99% certainty).

• Seattle & Ft. Collins: 
Students with the most 
daylight performed 7-
18% better than 
students with the least 
daylight.

TODAY – We require prisons have natural light
…why not schools?
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England BS 8206-2:2008…
To guarantee a satisfactory daylight uniformity, the area which does not receive direct skylight 
should not exceed 20% of the floor area, as quantified in the BS 8206 Part2 2008.

» The EU Workplace (Health, Safety and Welfare) Regulations (1992) requires that 
“Every workplace shall have suitable and sufficient lighting” and that this lighting 
“shall, as far as is reasonably practicable, be by natural light «

Windows into living spaces in Kiev must have 
2 hours of sunlight per day 

https://www.portlandoregon.gov/bds/article/93025

TODAY – We rarely require windows in codes

Spatial Equity - Daylight for All
When…? …will we require windows in schools…

…. daycares, senior living, offices, housing ?

Eneref Institute

https://www.portlandoregon.gov/bds/article/93025
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Why shouldn’t every child have an excellent place to learn?
SRG Architects with UO ESBL, Mt. Angel, OR

Who?

I propose…
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?

IES LM-83-12
Approved Method:
IES Spatial Daylight 
Autonomy (sDA) and 
Annual Sunlight 
Exposure (ASE)

IES Leadership

84
Courtesy: IES
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Environmental Services Building  
The Miller Hull Partnership

Courtesy: Meek VDW

Courtesy: Meek VDW
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Courtesy: Meek VDW

Courtesy: Meek VDW
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Courtesy: Meek VDW

Courtesy: Meek VDW
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Courtesy: Meek VDW

Courtesy: Meek VDW
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Courtesy: Meek VDW

Courtesy: Meek VDW
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Courtesy: Meek VDW

Courtesy: Meek VDW
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B

A

B

A

N

Courtesy: Mahic VDW

Courtesy: Meek VDW

68.5%
of floor area is
above sDA300/50%

Recommended Performance Criteria
75% of floor area - Preferred
55% of floor area- Nominally Accepted

N

Spatial Daylight Autonomy – Blinds Open
sea.06.wk2

Courtesy: Mahic VDW
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N

Spatial Daylight Autonomy – Blinds Closed
sea.06.wk2

28.8%
of floor area is
above sDA300/50%

Recommended Performance Criteria
75% of floor area - Preferred
55% of floor area- Nominally Accepted

Courtesy: Mahic VDW

N 63.4%
of floor area is
above sDA300/50%

Spatial Daylight Autonomy – Blinds Operated (per LM-83)
sea.06.wk2

Recommended Performance Criteria
75% of floor area - Preferred
55% of floor area- Nominally Accepted

Courtesy: Mahic VDW
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Ash Creek Elementary | Monmouth, OR | BOORA Architects
Photo: Nick Hubof, UI-IDL
Rendering: Nick Hubof, UI-IDL
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Courtesy Craig Johnson, UCSD

Text

Courtesy: UW - Meek
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Courtesy: UW - Meek

Courtesy: UW - Meek
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Courtesy: UW - Meek

Courtesy: UW - Meek
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Courtesy: UW - Meek

Courtesy: UW - Meek
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Courtesy: UW - Meek

Courtesy: UW - Meek



5/24/19

55

Courtesy: UW - Meek

Courtesy: UW - Meek
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Manual Blind Behavior Field Study

6

4

3
1

5

2

Courtesy: Nezamdoost VDW

Proposed Model Structure (from July-August 2018 DMC Meetings)

50%

Occasionally FrequentlyNever

10%

Non-users Passive users Active users

40%
Open

10%
Closed

20%
Open

20%
Closed

Proposed Manual Algorithm – Proportion of Window Blinds Operate:

• Applicable to Buildings with 10+ window blinds per window group 
• Applicable to Spaces with 10+ window blinds per window group
• Requires Modification for buildings or spaces with fewer than 10 

window blinds per window group

Courtesy: Nezamdoost VDW
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Contents lists available at ScienceDirect

Automation in Construction

journal homepage: www.elsevier.com/locate/autcon

Assessing the energy and daylighting impacts of human behavior with
window shades, a life-cycle comparison of manual and automated blinds
Amir Nezamdoost⁎, Kevin Van Den Wymelenberg, Alen Mahic
University of Oregon, Energy Studies in Buildings Laboratory, Eugene & Portland, OR, USA

A R T I C L E I N F O

Keywords:
Manual blind use
Automated blind operation
LM-83
Lightswitch
Blindswitch
Spatial daylight autonomy
Annual sunlight exposure
Life-cycle analysis

A B S T R A C T

Manual and automated blind controls are typically not included in energy and daylight simulation in part be-
cause there is no consensus in the research or practice communities about the way users operate manual blinds
or override automated blinds. In order for blind use patterns to become part of energy and daylight simulation
best practices, the range of annual energy and daylighting impacts associated with blind use must be understood.
This paper addresses these aspects by comparing four leading candidates of manually-controlled blinds plus two
automated blind control algorithms using a high-rise office building located in Boise, ID. This study revealed that
all four current “manual” blind use algorithm choices perform relatively similarly to automated systems, and
surprisingly sometimes even more efficiently. LM-83 currently has the lowest average occlusion during regularly
occupied hours, followed by Lightswitch-2002, while Blindswith-A and -B have the highest average occlusion.
The IES-recommended manual blind algorithm resulted even in lower average blind occlusion and lighting
energy consumption than automated systems. Finally, life-cycle cost analysis was calculated. The results show
that the cost savings from interior automated shading system are substantial over a 30-year time horizon, when
compared with common passive manual blinds ($25 versus $7.6 Net Present Value per SF glazing area).

1. Introduction

Daylighting is a common energy-efficiency strategy that also boasts
a myriad of other human benefits [17,26,27,30,39]. Successful day-
lighting design that saves energy and improves human satisfaction in-
corporates many technologies, spans several disciplines, and requires
attention to detail throughout the design process and implementation.

Blinds are quite common in spaces designed for daylighting (12 out
of 22 spaces in one field study per [8,24,25]), since most daylighting
designs will include some period of low angle sunlight, causing inter-
mittent glare and require mitigation. The impact of manual and auto-
mated blinds on the performance of daylighting and energy consump-
tion in buildings has been a subject of some inquiry
[1,2,4,19–21,31,38]. According to Laouadi [14], when closed, blinds
reduce solar heat gain by 40% with high-performance windows to 50%
with conventional windows in comparison to unshaded windows. Due
to daylight penetration impact, blinds can significantly alter interior
lighting loads in systems with daylight sensing electric lighting controls
[6,38].

There is a growing need to evaluate the impact of automated blind
controls as an energy efficiency measure, and the baseline assumptions
of the presence and/or operation of manual blinds are critical to such

an evaluation. A few studies have examined the benefit of internal
automated blinds in lab or field settings [4,12,15,35] and reported
savings in peak cooling load (5–30%), cooling and ventilation energy
savings (10–30%), lighting energy savings (20–45% compared to sys-
tems with photocell dimming and static blinds) and total energy savings
(25%) for all systems. However, the assumptions about the baseline
presence and operation of manual blinds vary in these studies.

There are a limited number of studies that have provided behavioral
models for manual operation of interior blinds. One of the leading
manual blind control algorithms, Lightswitch-2002, was developed by
Reinhart [31]. According to this algorithm, blinds are assumed to be
fully occluded when the transmitted vertical irradiance exceeds 50W/
m2 and fully raised at the start of the following workday. Another al-
gorithm was proposed by Lee and Selkowitz [16] to predict the op-
eration of interior venetian blinds on an hourly basis in response to
incident radiation values that are either above or below 95W/m2
threshold. Inkarojrit [10] developed a probabilistic model which pre-
dicts the probability that a shading device will be lowered based on the
intensity of transmitted vertical irradiance. In 2010, the IES Daylight
Metrics Committee proposed a manual blind control algorithm and
published it as part of IES LM-83 [7–9], which adjusts blinds based
upon maintaining a threshold of less than 2% of a simulated interior

https://doi.org/10.1016/j.autcon.2018.03.033
Received 5 July 2017; Received in revised form 14 November 2017; Accepted 29 March 2018
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Results are also shown relative to best- and worst-case scenarios, Al-
ways Retracted (blinds open all the time and daylight harvesting con-
trols added) and Always Engaged (blinds closed all the time with
daylight sensing lighting controls). The blinds Always Retracted and
Always Engaged algorithms show relative difference in total annual
energy consumption of 16.6%. This suggests how significantly blinds
impact whole building annual energy consumption. It is reported that
total energy use of six strategies differed by approximately 11.6%,
12.2%, 13.7%, 12%, 12.4%, and 13% using Blindswitch-A, Blindswitch-

B, LM83, Lightswitch, Automated Algorithm A and Automated Algo-
rithm B respectively as compared to the baseline (Always retracted
without lighting controls). Compared to the Always Retracted and Al-
ways Engaged baselines, the total energy use varies from 1.4% (LM-83)
to 3.5% (Blindswitch-A), and from 13.2% (Blindswitch-A) to 15.3%
(LM-83), respectively.

The six dynamic blind control algorithms also vary with respect to
annual lighting end-use energy consumption; 59.6%, 62.0%, 65.8%,
61.5%, 63.6% and 65.0% using Blindswitch-A, Blindswitch-B, LM-83,
Lightswitch, Automated Algorithm A and Automated Algorithm B re-
spectively versus the baseline which does not include blinds or daylight
sensing lighting controls. While in comparison to the Always Retracted
baseline, the difference ranges from 5.8% to 25.0% with the largest
difference being Blindswitch-A. Cooling consumption differences for
the advanced blind control algorithms range from 0.6% (Blindswitch-A,
-B and LM83) to 1.8% (Automated Algorithm A), from 1.8%
(Blindswitch-A, -B and LM83) to 3.6% (Automated Algorithm A), and
from 7.0% (Automated Algorithm A) to 8.7% (Blindswitch-A, -B, LM83,
and Lightswitch) compared to baseline model, Always Retracted and
Always Engaged, respectively. For the baseline with blinds always open
without daylight harvesting controls, heating end-use consumption
differed by 5.5%, 5.1%, 4.3%, 5.3% 4.5%, and 5.5% using Blindswitch-
A, Blindswitch-B, LM-83, Lightswitch, Automated Algorithm A and
Automated Algorithm B respectively. Amongst all six blind algorithms,
the lowest heating end-use (48.9 kWh/m2-year), electrical lighting end-
use (12.7 kWh/m2-year) and overall energy consumption with
133.3 kWh/m2-year (42.23 kBtu/ft2-year) belongs to LM83-based
manual blind use algorithm. End-uses such as fans, pumps and heat
rejection were combined into one category, named other equipment. By
applying blind algorithms, other equipment energy consumption
slightly changed due to fans and pumps associated with shifted heating
and cooling loads.

Looking at Fig. 18 and Table 7, results were also compared based
upon exterior and interior blinds for all six algorithms and Always
Engaged. In general, exterior blinds block solar heat loads before they
ever reach the window in this scenario. Accordingly, cooling end-use
energy consumption significantly decreased (specifically during sum-
mertime), ranging from a 9.5% to 18.5% reduction compared to in-
terior blinds results. Conversely, heating end use increased by using
blinds outside the building, but not substantially, in range 0.1%
(Blindswitch-B) – 1.3% (Blindswitch-A). The largest impact of
switching from internal blinds to external blinds was seen in Always
Engaged total energy result from 156.9 kWh/m2-year to 144.6 kWh/
m2-year (−7.8% difference), while IES-LM-83 manual blind algorithm
reveals the lowest difference in overall energy consumption by only 2%

Fig. 14. Annual average percent occlusion by façade for each blind control
algorithm, examining 24 h data and occupied hours only.

Fig. 15. Spatial Daylight Autonomy plot for blinds always closed and blinds always open.

A. Nezamdoost et al. $XWRPDWLRQ�LQ�&RQVWUXFWLRQ��������������²���
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Fig. 16. Spatial Daylight Autonomy plot for each blind control algorithm.

Table 6
Average annual spatial Daylight Autonomy for each blind control algorithm.

Always closed Always open LM-83 Blindswitch-A Blindswitch-B Lightswitch-2002 Automated Algorithm B Automated Algorithm B

sDA 300 lx/50% 0.97% 86.31% 82.54% 70.86% 79.37% 78.12% 73.16% 84.05%

A. Nezamdoost et al. $XWRPDWLRQ�LQ�&RQVWUXFWLRQ��������������²���

���
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reduction form interior to exterior.

3.5. Life cycle cost analysis

3.5.1. Initial cost (installed cost)
The total installed cost of manual blinds/shades consists of com-

ponents (blinds/shades, brackets, and lineals) and labor cost (blinds/
shades installation and administrative charges), while the total installed
cost of an automated shading system is more complicated depending on
wiring (breakers & electrical materials and cable), component (blinds/
shades, brackets, and lineals; keypads, power, and control; conduit in-
frastructure and automation) and labor costs (administrative charges,
keypad cable labor, blinds/shades installation and programming, and
line voltage wiring and circuit installation).

A total installed cost comparison was determined for each of the
three shading systems and illustrated in Table 8. Fabric, lineals,
mounting hardware, and control requirements were kept consistent
between manual and automated systems when possible. Component,
wiring, and labor quotes were obtained from both window treatment
and electrical contractors. In automated shading systems, blinds/shades
were controlled in groups of 4 (one operator per every 4 shades) and 2
(one operator per every 2 shades), in open office areas and private
offices/conference rooms, respectively.

Table 8 reveals that wiring and labor costs represented a significant
portion of the total installed cost: 26.8% in manual blinds, 41% in
automated system A, and 33% in automated system B.

As it was expected, exterior automated blinds cost substantially
higher than interior automated blinds due to required equipment

Fig. 17. Annual Sunlight Exposure (ASE) plot, color-coded based on 1000 lx/
250 occupied hours criteria.

Fig. 18. Annual end-use energy consumption comparison of six manual or automated blind algorithms (interior/exterior).

A. Nezamdoost et al. $XWRPDWLRQ�LQ�&RQVWUXFWLRQ��������������²���
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reduction form interior to exterior.

3.5. Life cycle cost analysis

3.5.1. Initial cost (installed cost)
The total installed cost of manual blinds/shades consists of com-

ponents (blinds/shades, brackets, and lineals) and labor cost (blinds/
shades installation and administrative charges), while the total installed
cost of an automated shading system is more complicated depending on
wiring (breakers & electrical materials and cable), component (blinds/
shades, brackets, and lineals; keypads, power, and control; conduit in-
frastructure and automation) and labor costs (administrative charges,
keypad cable labor, blinds/shades installation and programming, and
line voltage wiring and circuit installation).

A total installed cost comparison was determined for each of the
three shading systems and illustrated in Table 8. Fabric, lineals,
mounting hardware, and control requirements were kept consistent
between manual and automated systems when possible. Component,
wiring, and labor quotes were obtained from both window treatment
and electrical contractors. In automated shading systems, blinds/shades
were controlled in groups of 4 (one operator per every 4 shades) and 2
(one operator per every 2 shades), in open office areas and private
offices/conference rooms, respectively.

Table 8 reveals that wiring and labor costs represented a significant
portion of the total installed cost: 26.8% in manual blinds, 41% in
automated system A, and 33% in automated system B.

As it was expected, exterior automated blinds cost substantially
higher than interior automated blinds due to required equipment

Fig. 17. Annual Sunlight Exposure (ASE) plot, color-coded based on 1000 lx/
250 occupied hours criteria.

Fig. 18. Annual end-use energy consumption comparison of six manual or automated blind algorithms (interior/exterior).
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reduction form interior to exterior.

3.5. Life cycle cost analysis

3.5.1. Initial cost (installed cost)
The total installed cost of manual blinds/shades consists of com-

ponents (blinds/shades, brackets, and lineals) and labor cost (blinds/
shades installation and administrative charges), while the total installed
cost of an automated shading system is more complicated depending on
wiring (breakers & electrical materials and cable), component (blinds/
shades, brackets, and lineals; keypads, power, and control; conduit in-
frastructure and automation) and labor costs (administrative charges,
keypad cable labor, blinds/shades installation and programming, and
line voltage wiring and circuit installation).

A total installed cost comparison was determined for each of the
three shading systems and illustrated in Table 8. Fabric, lineals,
mounting hardware, and control requirements were kept consistent
between manual and automated systems when possible. Component,
wiring, and labor quotes were obtained from both window treatment
and electrical contractors. In automated shading systems, blinds/shades
were controlled in groups of 4 (one operator per every 4 shades) and 2
(one operator per every 2 shades), in open office areas and private
offices/conference rooms, respectively.

Table 8 reveals that wiring and labor costs represented a significant
portion of the total installed cost: 26.8% in manual blinds, 41% in
automated system A, and 33% in automated system B.

As it was expected, exterior automated blinds cost substantially
higher than interior automated blinds due to required equipment

Fig. 17. Annual Sunlight Exposure (ASE) plot, color-coded based on 1000 lx/
250 occupied hours criteria.

Fig. 18. Annual end-use energy consumption comparison of six manual or automated blind algorithms (interior/exterior).
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Photo Mahic

You want accurate LM-83 blind use?  - Lightstanza!

Courtesy: Dan Glaser
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https://nljones.github.io/Accelerad/ https://nljones.github.io/Accelerad/rt.html

You want fast?  - AcceleradRT

Image Nathaniel Jones

What about better?
Human factors research 
visual discomfort & delight

https://nljones.github.io/Accelerad/
https://nljones.github.io/Accelerad/rt.html
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Image UO Evan Schmidt, VDW

merged with the subject’s glare rating. Using a random
optimisation algorithm, thousands of different parameter
settings were tested. Highest correlation with subjective glare
rating were found with the following parameter settings (see
also Fig. 15)

DGP ¼ 5:87 " 10#5Ev þ 9:18 " 10#2 log

!
1þ

X

i

L2s;ivs;i

E1:87
v P2

i

"

þ 0:16 (10)

where Ev is the vertical eye illuminance [lux]; Ls the luminance
of source [cd/m2]; vs the solid angle of source; P is the position
index, based on Fig. 10.

The validity of the equation is within the range of the tests,
which means a DGP value between 0.2 and 0.8. In the authors
point of view, calculated values higher than 0.8 could be trusted
to some extend, since the comparison of 10 cases with the
highest DGP-values also gave reasonable results (average DGP
was 80% by having 100% disturbed persons). DGP values
lower than 0.2 should not be used unless additional experiments
could confirm the validity of the equation in that region.

5.2.1. Significance of the DGP equation improvement
Adding parameters to an equation, which are fitted to the

data usually lead to higher correlations – but this does not
automatically mean, that this optimised equation describes the
behaviour better. The authors do not believe there are any well
defined statistical tests to unambiguously determine statistical
significance for this non-linear and group changing problem.
However, the standard F-test for multi-linear regression should
provide a reasonable check of plausibility. Failure to pass the F-
test is a fairly clear indication that the added parameters are not
providing significant improvement – but passing the test is only
a good indicator that there could be an improvement. In our
case, we used the vertical eye illuminance Eq. (8) as basis for
the test, since this is the best two parameter fit to the
experimental data, better than CGI or DGI, which are also both

two parameter fits. The original data set consist of 349 data
points, which have been reduced due to the necessary grouping
to 12 points.

The F-test value is calculated with following formula

F ¼
ðr2DGPð10Þ # r2DGPð8ÞÞDFðDGPð10ÞÞ

jð1# r2DGPð10ÞÞ
: (11)

with
r2DGPð10Þ is the squared correlation of Eq. (10), equals 0.94

here;
r2DGPð8Þ the squared correlation of Eq. (8), equals 0.77 here;
DF(DGP(10)) the degree of freedom of fit for Eq. (10),

equals 8 here;
j is the number of added parameters to the fit, equals 2 here.
For this study the F-test value is 11.5. The significance value

of this is given by the F-distribution-function and is calculated
then to 0.0045, which is factor of 10 less than the limit of 0.05.
Therefore, the Eq. (10) passed the F-test.

Nevertheless, the authors recommend confirming this new
DGP Eq. (10) by other user assessments.

5.2.2. Influence of detection parameters
The influence of changing the primary detection parameter,

the search radius r, within the evalglare tool, is illustrated in
Fig. 16. A search radius within the range of 0–0.8 sr showed no
significant change of the correlation and the influence of the
search radius is limited. Search radiuses higher than 0.8 sr
combined all detected glare pixels to few or one single glare
source, which is different to the idea to weight the glare sources
and relate the magnitude and individual position within the field
of view. Search radiuses less than 0.01 led to treat every glare
source pixel as separate glare source, due to the resolution of the
camera.

Using the smoothing option does not improve the results, but
the statistical spread slightly increase if the search radius is
changed (see Fig. 16). The results could be improved, if the
inclusion distance of the smoothing function is independent on
the search radius, which is actually not the case. This needs
further investigation.

J. Wienold, J. Christoffersen / Energy and Buildings 38 (2006) 743–757 755

Fig. 15. Correlation between the new DGP formula and the probability of

disturbed persons in the tests. A DGP value higher than 0.2 approximately

corresponds to a vertical eye illuminance higher than 1000 lux. Subjective glare

rating included in the graph consisted mostly of subjects evaluating the white
Venetian blinds (not causing severe glare sensation). As the white Venetian

blinds did not cause a severe glare sensation, the majority of established classes

were in the lower part of the function.

Fig. 16. Influence of the search radius on the squared correlation of the DGP

function. The black bar is the used search radius of 0.2 sr. The white bar on the

right hand side shows for comparison reasons the squared correlation factor for

the vertical illuminance only (Eq. (8)).

“disturbing”

“intolerable”

“imperceptible”

“perceptible”

0.45

0.40

0.35

0.30

0.25

0.20

DGP

Total Ratings = 349

Daylight Glare Probability
Better…

Evaluation methods and development of a new glare
prediction model for daylight environments with

the use of CCD cameras

Jan Wienold a,*, Jens Christoffersen b

aFraunhofer Institute for Solar Energy Systems, Heidenhofstr. 2, 79110 Freiburg, Germany
bDanish Building Research Institute, Dr. Neergaards vej 15, 2970 Hoersholm, Denmark

Abstract

Daylighting and the impact of daylighting strategies on the visual environment continue to be a vital issue for building occupants due to visual
comfort and user acceptance of luminous indoor environments. Some of the critical factors affecting the level of visual comfort and quality in daylit
office spaces include glare, window luminances, and luminance ratios within the field of view. One of the goals of this study was to provide new
insight into the impact of luminance distributions on glare. The luminance distribution within the field of view was recorded using CCD camera-
based luminance mapping technology. The technology provides a great potential for improved understandings of the relation between measured
lighting conditions and user response. With the development of the RADIANCE based evaluation tool ‘‘evalglare’’, it became possible to analyse
glare according to a number of daylight glare prediction models as well as contrast ratios in various daylit situations (workplace, VDU). User
assessments at two locations (Copenhagen, Freiburg) with more than 70 subjects under various daylighting conditions were performed in order to
assess existing glare models and to provide a reliable database for the development of a new glare prediction model. The comparison of the results
of the user assessments with existing models clearly shows the great potential for improving glare prediction models. For the window luminance a
squared correlation factor of only 0.12 and for the daylight glare index (DGI) of 0.56 were found. Due to the low predictive power of existing glare
prediction models a new index, daylight glare probability (DGP), was developed and is presented in this paper. DGP is a function of the vertical eye
illuminance as well as on the glare source luminance, its solid angle and its position index. The DGP showed a very strong correlation (squared
correlation factor of 0.94) with the user’s response regarding glare perception.
# 2006 Elsevier B.V. All rights reserved.

Keywords: Daylight; Comfort; Discomfort glare; RADIANCE; CCD camera; Daylight glare probability

1. Introduction

In a world concerned with climate change and global
warming, daylighting buildings as part of an overall sustainable
design strategy is often presented as being part of the ‘solution’.
Daylighting has been shown to provide many benefits to
building occupants ranging from improved health and well-
being to increased lighting quality [1]. However, daylight
design requires careful system integration. Daylight varies in
intensity, colour and direction over time. These variations are
one of the design parameters which are difficult to cope with
since they have a great impact on both the thermal and the
visual environment.

Ongoing developments of new glazing technologies and
shading devices result in an increasing selection of new façade
solutions. This is reflected in recent European architecture as
glass is increasingly being used in buildings.

Successful daylighting requires trade-offs and optimisation
between competing design aspects such as façade layout, space
configuration, and the choice of lighting system used. The task
at hand is to identify the most appropriate optical glazing
properties that provide adequate daylight levels while avoiding
glare and excessive heat gains. This process requires reliable
tools and/or descriptors for different aspects of comfort and
energy demand. For many aspects reliable tools are available –
but not for discomfort glare from windows (neither tools nor
descriptors).

The objective of this study was to investigate the user
perception of solar shading systems regarding glare by using
laboratory tests with subjects, to compare the results with

www.elsevier.com/locate/enbuild
Energy and Buildings 38 (2006) 743–757

* Corresponding author. Tel.: +49 761 4588 5133; fax: +49 761 4588 9133.

E-mail address: jan.wienold@ise.fraunhofer.de (J. Wienold).

0378-7788/$ – see front matter # 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.enbuild.2006.03.017
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Image VDW

TaskShade™
Improving Integrated Daylighting Design 

Image VCW
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> 80% of participants wanted sunlight if available…

Van Den Wymelenberg, PhD Dissertation, 2012

Courtesy: UW - Meek
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Feasibility of HDR-derived Control?
Privacy…
Pixel based control

Van Den Wymelenberg, PhD Dissertation, 2012

Using High Dynamic Range Imaging as the Light Source to Daylight 
Simulations Real world HDRs to generate spatial renderings in near real time anywhere 
you want a sensor

Inanici and Liu, Robust Sky Modelling Practices in Daylight Simulation, PLEA 2016, LA, CA July 11-13, 2016

Simulation in the Control Loop 

Oculight Dynamics
Siobhan Rockcastle
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Occulight Dynamics
Siobhan Rockcastle

Who?

I propose…

Thank you!  // Kevin Van Den Wymelenberg // kevinvdw@uoregon.edu

mailto:kevinvdw@uoregon.edu
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Thank you!  // Kevin Van Den Wymelenberg // kevinvdw@uoregon.edu

Sunsetting:
• Current paradigm of DSM, prescriptive in favor of performance
• Energy efficiency in favor of carbon
• Single Point in time daylight simulation in favor of CBDM
• Lighting design primarily about supporting basic human function

On the Horizon:
• Automated facades will flex through alternate optimizations
• Expansion of non-energy benefits / NEBs 4 ZEBs
• Daylight as spatial equity movement – rights to light
• Expanded understanding of daylight and health

• Synthesis of Vitamin D – indoor unconditioned sun spaces
• Daylight as indoor air quality indicator

• Bacterial, fungal, viral ecologies indoors 
• Photolysis and chemical exposures

• Mind wandering and micro-restorative moments - view
• Circadian dosage - designed circadian spaces

• Formalization of architectural daylight as a health indicator
• Bridges between health care spend and construction/energy spend

Next research needs to get there:
• Manual blind use behaviour…and in incorporation simulation
• Visual discomfort knowledge…and in incorporation simulation
• Circadian dosage knowledge…and in incorporation simulation
• Visual delight knowledge … and in incorporation simulation

mailto:kevinvdw@uoregon.edu

