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EXECUTIVE SUMMARY 

PROJECT GOAL 

The primary objective of this project was to provide unbiased, technically sound information 

about the performance of ‘advanced blinds and shades’ products in a field assessment. The 

results of the study will allow PG&E energy efficiency program administrators, and other 

stakeholders to better understand the value of these products in increasing and enhancing 

daylighting savings in commercial buildings and help in developing an incentive program to 

promote greater energy savings from their application.  

PROJECT DESCRIPTION 

Advanced blinds and shades do not directly save energy or reduce demand, instead they 

provide value by increasing available daylight in a space, independent of individual occupant 

operation of the blinds/shades. This increases both the potential savings from 

photocontrols, and the persistence and reliability of these savings. From the perspective of 

the building owner, this helps eliminate uncertainty and the risk of not achieving calculated 

savings and payback of investment in photocontrols.  From the perspective of utility 

programs, advanced blinds/shades increase the likelihood that calculated savings will be 

achieved in participant buildings, and importantly that they can be reliably verified, post-

installation.  

Three types of advanced blinds/shades technologies were tested in this study, namely 

automated top-down shades, manual bottom-up shades and manual split-inverted blinds. 

Each technology provides savings value by either increasing daylight levels in a space or 

increasing the number of hours of useful daylight.  

 Automated top-down shades are motorized shades that lower or raise to block 

direct sun and maximize daylight and views when the sun is shining not on the 

window. They typically operate based on input about daylight availability, usually 

from an outdoor (roof-mounted) radiometer that communicates with a control 

system. The shades typically raise or lower in incremental steps to maintain a set 

level of sunlight penetration in a space.  

 Manual bottom-up shades are designed to reduce glare and provide privacy, while 

still allowing daylighting into the space from the upper window area.  These shades 

allow flexibility to occupants to raise or lower to their preferred height at any time.  

Raising and lowering of the shades is done by a drive chain, similar to manual top-

down shades.   

 Manual split-inverted blinds are a variation of a typical venetian blind, with the 

upper 1/3rd of the blind slats installed concave-side up (inverted). This redirects 

daylight deeper into the space from the upper clerestory portion of the window, while 

allowing the user to adjusted the lower view window portion to reduce glare and 

provide privacy. These can be installed as two separate blinds (view and clerestory) 

with their own controls that allow users to adjust their angles independently, or as a 

single unit. In the single unit, the slats maintain different angles such that when the 

lower blinds slats are closed, the upper slats open to admit daylight, and vice-versa. 
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This ensures that a minimum level of daylight will be available no-matter the slat 

angle set by the occupant. 

To assess the performance of these advanced window attachments, the project team 

installed the technologies at a host site in San Francisco, CA. The host site, an office 

building, represents the most likely application of these systems. Occupants operation of 

blinds and shade were continuously monitored during the 6-month study period and 

daylighting impact of the advanced technologies compared to existing blinds/shades was 

calculated. The resultant savings present a realistic assessment of savings likely to be found 

in a real installation, as compared to an assessment of these technologies in a laboratory.  

The continuous monitoring of existing blinds/shades operation provided schedules for 

manual blinds/shades operations that can server as a realistic base case to calculate 

daylighting savings from advanced blinds/shades.  

PROJECT FINDINGS/RESULTS 

The results of our field assessments show that all three types of advanced blinds/shades 

technologies tested were capable of providing higher daylighting savings (both energy and 

demand) compared to typical manually operated top-down blinds/shades, but to varying 

degrees. The assessment also showed that the savings were more persistent and could be 

more reliably predicted with advanced blinds/shades.  

In the results described below, percent lighting energy savings were calculated compared to 

a base case with manually operated control blinds/shades and photocontrols. The 

photocontrols automatically dim or switch off the electric lights in the primary and 

secondary daylit zones (daylit zone definitions per Title 24-2013). Cost of photocontrols was 

considered in the simple payback calculations.  

The savings calculated were conservative estimates, as they were only the lighting energy 

savings from daylighting. The secondary effect of reducing associated HVAC energy from 

reduced lighting load was not taken into account in this calculation. Additionally, cooling 

needs and HVAC demand is also reduced when direct solar gains are blocked effectively by 

automated shades. This effect was also not accounted for in this study. 

 From field assessment results, automated top-down shades showed the highest 

lighting energy savings potential of 37%. Daylighting simulation results with 

automated shades averaged savings between 22%-27%.  

Occupants overall indicated a high levels of satisfaction with daylight sufficiency, 

view and lack of glare with the automated shades.  

However initial setup cost were high and labor to providing power to each window 

also increased the total cost. This meant that to minimize payback a project size of 

at least 50 windows was required. Even with large projects, the simple payback was 

close to 18 yrs, when considering a base case with no photocontrols, which is high 

for most applications.  

 Field assessment results for bottom up manual shades showed lighting energy 

savings potential of 28%. Daylighting simulation results with bottom-up shades 

averaged savings between 35%-37%.  

Occupants reported they did not like the “bulkiness” of the manual lift mechanism 

and that raising shades bottom-up was hard to do compared to lowering them top-

down. However, they were happy with the daylight availability, view and lack of glare 

from the bottom-up shade installation. We also noted that occupants adjusted the 

shades very few times (mostly seasonally).  

Bottom up shades had the lowest cost among the three technologies tested, and had 
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a payback period of close to 8 yrs, when considering a base case with no 

photocontrols.  

 Field assessment results for split-inverted manual blinds showed that lighting 

energy use actually increased by 12%. This was mainly because the base case with 

which this technology was compared to was perforated mini-blinds. The perforations 

on the slats found in the base case allowed a significant amount of daylight through, 

and a reasonable sense of view, even when closed. In out daylighting simulation 

study, we were able to set the base case to a more typical opaque slat manually 

operated blind/shade. With this more typical base case, the averaged savings were 

between 12%-15%. 

Occupants reported they were happy with the daylight availability, but reported a 

problem with glare (traced to a installation issue in field) and loss of view from the 

opaque slats (compared to perforated slats in the control case). 

The cost of the split-inverted blinds was high because this was a custom product 

designed to our specification. This cost, however, is expected to reduce with high 

demand and mass production per the manufacturer. With the current cost, payback 

was 23 yrs, when considering a base case with no photocontrols, which is high for 

most applications.  

An alternative for the custom split-inverted blinds model used in the study is using 

two separate blinds for view and clerestory, which should provide most of the 

savings with minimal incremental costs and much lower payback.  

The energy savings estimates for the three technologies from the field assessment and 

daylighting simulations were applied to a typical California medium size office building of 

53,000 sf and three stories. Average savings resulted in energy savings of about 68,600 

kWh (or 1.3 kWh/sf-yrs.) and a demand reduction of about 6 kW (or 0.2 W/sf). This 

translated to a utility bill savings of about $9,000 annually (or $0.17/sf). 

PROJECT RECOMMENDATIONS 

Since the simple payback for two of the three technologies tested was found to be high, our 

recommendation is that these technologies should be considered as part of a 

“comprehensive daylighting retrofit” program for commercial buildings by PG&E. The 

program, should primarily promote installation of photocontrols, and can offer a deeper 

incentive to encourage program participants to add advanced blinds/shades to a daylighting 

retrofit project. By doing this, PG&E will encourage deeper and more reliable energy savings 

from a vastly untapped resource of daylight in existing buildings.  

We also recommend that a requirement for 120 V duplex outlets in close proximity to 

windows be made part of a future update to the California’s Title-24 building energy code. 

This will eliminate a bulk of the cost associated with retrofitting buildings with automated 

blinds/shades that need power outlets near windows to power motors. This code change will 

result in a new generation of buildings that are “advanced blinds/shades ready”, and can be 

cost effectively retrofitted in the future to avail of the additional savings and benefit of 

automated shades.  

Manufacturers of advanced technologies such as the split-inverted blinds have historically 

not paid great attention to optimizing their products for daylighting enhancements. For this 

reason, these are currently custom blinds products that have a high cost premium. The 

above recommendations of a comprehensive daylighting retrofit program and a code change 

proposal to provide advanced blinds/shades ready buildings will encourage further 

investment and innovation in advanced blinds/shades products, and help promote energy 

savings from products that remain uncompetitive in the market due to low volume and high 

cost. 
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INTRODUCTION 
Recent studies have pointed to a great potential for energy and demand reduction from 

retrofitting daylighting controls in existing buildings. The recent PIER (Public Interest Energy 

Research) study on ‘Office Daylighting Potential’1 used extensive daylighting simulations to 

estimate the potential of simply adding photocontrols in existing office buildings in the state 

of California. The study found that on average, for the state of California, a simple retrofit of 

photocontrols could reduce 16% of lighting energy use and 4% whole building energy use. 

Cumulatively for the state, this can technically result in electric peak demand reduction of 

as much as 185 MW, and 460 GWh of electricity savings. The study also found that these 

savings could be further improved by 10%-20% with daylighting enhancements such as 

advanced window attachments, colors of interior finishes and furniture partition heights. 

With windows being the primary source for daylight in most commercial buildings, the 

optimal delivery of daylight to a space is critically linked to the properties of the window 

itself, and any treatment of that window with attachments such as interior blinds, shades, 

louvers etc. In the context of this study, these systems are defined as ‘advanced window 

attachments’.  

Historically, window attachments were rarely recognized as being an important part of a 

building’s daylight delivery system or as an important resource for improving the energy 

efficiency of buildings. Window attachments have been seen as impermanent, unpredictably 

operated and too complicated to model and so have been left out of the energy equation. 

Manufacturers of blinds and shades also fail to recognize their product’s impact on energy 

and mostly focus on aesthetic aspects for marketing.  

However, with a growing focus on daylighting as an important energy efficiency strategy, 

blinds and shades manufacturers now offer products that are optimized for daylight 

delivery. Three such products were evaluated for the Pacific Gas and Electric Company’s 

Emerging Technologies program, results of which are described in this report.  

To assess the performance of these advanced window attachments, the project team 

installed the technologies at a host site in San Francisco, CA. The host site, an office 

building, represents the most likely application of these systems. Occupants operation of 

blinds and shade were monitored and daylighting impact of the advanced technologies 

compared to existing blinds/shades was calculated. The resultant savings presents a 

realistic assessment of savings likely to be found in real installations, as compared to an 

assessment of these technologies in a laboratory. 

                                                           

 
1 Saxena, Mudit. (Heschong Mahone Group). 2011. “Office Daylighting Potential”. California Energy Commission, 
Public Interest Energy Research. Publication Number: CEC‐500‐2013‐002. 
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BACKGROUND 
Blinds and shades are ubiquitous in commercial buildings. They mainly serve the purpose of 

providing privacy and glare control from direct sun. Although an important part of a daylight 

delivery system in most commercial buildings, this technology category has had very few 

improvements over the last 30-40 years, especially in relation to daylight optimization. 

The typical blind/shade systems are manually operated (for raising or lowering and slat 

tilt in blinds) and consists of a header on the top of the window, which houses the control 

mechanism. Occupants have been found to operate them based mostly on their immediate 

need for solar or visual comfort, and personal preferences. Very few research studies exist 

on manual operation of blinds/shades2. The limited literature points to mostly unpredictable 

pattern, based on sun penetration and desire for a view. Due to this unpredictability, 

daylighting savings are also seen as unreliable - an occupant can leave blinds closed most of 

the time, which may result in little or no daylighting savings.  

In response, blinds/shades manufacturers have designed systems that allow a minimum 

amount of daylight, even if occupants operate the blinds/shades conservatively. Systems 

such as automated blinds/shades, bottom up shades and split-inverted blinds allow an 

advanced level of control for occupants, while ensuring daylight. These advanced 

technologies are designed to enhance the savings from a daylighting control system 

(photocontrols and dimming/switching ballasts), and are most applicable in commercial 

buildings such as offices, classrooms, and libraries, where daylighting controls are most 

likely to provide substantial savings. 

                                                           

 
2 K. Van Den Wymelenberg, Patterns of occupant interaction with window blinds: a literature 

review, Energy and Buildings (2010), doi:10.1016/j.enbuild.2012.05.008 
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EMERGING TECHNOLOGY/PRODUCT 
This Emerging Technologies study assessed the performance of three types of ‘advanced 

window attachment systems’. 

 Automated blinds/shades: These systems are operated by a small motor placed 

in the header based on input from an outdoor weather station. Blinds/shades 

automatically close based on sun position and cloudiness, and re-open to admit 

diffuse daylight when the sun moves away from the facade. This reduces the 

uncertainty of manual blinds/shades operation. 

 Bottom-up manual blinds/shades: These systems can be raised from the bottom-

up, instead of going from top-down as typical blinds/shades do. This allows the 

occupant the option to leave an upper portion of the window open for daylight while 

providing solar and visual comfort to the occupant from the bottom portion. Since 

the mechanism usually allows the occupant to stop anywhere along the track, it 

provides the user a high level of control to optimize for comfort. 

 Split-inverted blinds: These systems are a variation of a typical venetian blind, 

with the upper 1/3rd of the blind slats installed concave-side up (inverted). This 

redirects daylight deeper into the space from the upper clerestory portion of the 

window, while allowing the user to adjusted the lower view window portion to reduce 

glare and provide privacy. These can be installed as two separate blinds (view and 

clerestory) with their own controls that allow users to adjust their angles 

independently, or as a single unit. In the single unit, the slats maintain different 

angles such that when the lower blinds slats are closed, the upper slats open to 

admit daylight, and vice-versa. This ensures that a minimum level of daylight will be 

available no-matter the slat angle set by the occupant. 

INCUMBENT TECHNOLOGY 
These technologies replace the incumbent technology of manually operated full height 

blinds/shades. Manually operation means occupants are likely to operate blinds and shades 

based on immediate need for solar or visual comfort, and personal preferences resulting in a 

mostly unpredictable level of daylight at any time.  

MARKET BARRIERS 
A technology overview study on ‘Dynamic Window Shading Systems’3 reported that the 

biggest barriers to greater commercialization most commonly mentioned by manufacturers 

were 1) Cost and 2) Education. Another barrier identified for systems that need motors and 

wiring (automated blinds/shades) was that the players see the design process (in new 

construction projects) as being “too multi-disciplinary”, involving coordination between 

electrical engineers, architects, interior designers, and facility managers. The report noted 

that “unless there is a mandate from the owner, energy efficiency features that require such 
                                                           

 
3 Heschong Mahone Group. 2007. “Dynamic Window Shading Systems Technology Overview and Product 
Assessment”. Southern California Edison. Report Publication Number: ET 07.02 
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multi-disciplinary approaches always seem to get dropped off”. There was a need identified 

to make the process simpler for the architect to implement.  

The report also noted that the manufacturers interviewed said they found it was not hard to 

convince the architect of the benefits of automated shading system, but the owner and 

facility managers were the hardest to convince on issues of “reliability” of the moving parts 

and “persistence” of savings. 

We further identified in this study that providing access to an electrical (duplex) outlets near 

the window, if one does not already exist, adds significant electrical wiring costs (in retrofit 

projects). This can be very easily and cost effectively provided when a building is being 

constructed. However no building code at this time requires duplex electrical outlets near 

windows, which is a barrier to installation of advanced window attachments that need 

electric input, such as automated shades. For a future generation of buildings, this barrier 

can be overcome with a building code requirement for electrical outlets near windows. 
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ASSESSMENT OBJECTIVES 
The primary objective of this project is to provide unbiased, technically sound information to 

PG&E’s energy efficiency program administrators, as well as other stakeholders, on the 

energy saving potential and user acceptance of ‘advanced blinds and shades’ technologies.   

Advanced blinds/shades by themselves do not provide daylighting energy savings. They 

work by either: 

a. enhancing daylight levels in a space or  

b. increasing the number of hours of useful daylight 

Which allows photocontrols to provide greater savings. To assess performance of different 

types of daylighting blinds/shades, the project team monitored the daylight levels at various 

distances from windows with and without the advanced blinds/shades, using lighting data 

loggers. The team also deployed a new method of installing lighting data loggers facing the 

blinds and shades at different heights, which collected time series data on blinds and shades 

operation. Along with this, surveys were also conducted before and after the installation of 

the new blinds and shades to gauge the level of occupant acceptance. 
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TECHNOLOGY/PRODUCT EVALUATION 
While advanced daylighting blinds and shades have been tested and their performance 

documented in lab studies4, their impact on energy use is ultimately determined by how 

user interact with these blinds/shades in their natural settings. For this purpose, the 

advanced blinds/shades were installed in a portion of a host site, a commercial office space 

in San Francisco, CA. 

The deployment of the advanced blinds and shade technologies at a portion of a host site 

provided a side-by-side comparison and an opportunity to: 

 Observe and document occupant interaction with advanced blinds/shades, relative to 

existing blinds/shades. 

 Monitor and document daylight levels at various distances from windows with and 

without the advanced technologies installed. 

 Assess occupant acceptance of the technology through surveys conducted with 

occupants located near the advanced technologies, as well as those located near 

existing blinds/shades. 

In addition to this, installing the products at a host site also provided an opportunity to: 

 Gain experience with procurement, installation and maintenance issues with the 

advanced blinds/shades products 

 Provide showcase demonstration of advanced blinds technology, to serve as basis for 

case studies and/or tours for other interested parties 

PRODUCT CLASSIFICATION 
A range of ‘advanced window attachment systems’ currently exist on the market, this study 

evaluated three types of interior daylighting blinds and shades.  In this section we describe 

other options for interior daylighting blinds and shade technologies currently on the market.  

These products can be classified into the following categories:       

 Automated - Smart:  These systems are operated by a small motor placed in the 

header based on input from an outdoor weather station, and have bi-directional 

communication capabilities with third party building automation systems.  The motor 

must be compatible with third party control systems.  Some products in this category 

are Demand Response (DR) enabled allowing the blinds or shades to adjust 

downward when a utility DR event is sent to the buildings third party control system.      

 Automated:  These systems are operated by a small motor placed in the header 

based on input from an outdoor weather station or indoor illuminance sensor. 

Blinds/shades using outdoor weather station inputs automatically close based on sun 

position and cloudiness, and re-open to admit diffuse daylight when the sun moves 

                                                           

 
4 Lee, E.S., S.E. Selkowitz, D.L. DiBartolomeo, J.H. Klems, R.D. Clear, K. Konis, R. Hitchcock, M. Yazdanian, R. 
Mitchell, M. Konstantoglou. 2009. High Performance Building Façade Solutions. California Energy Commission, PIER. 
Project number CEC-500-06-041. 
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away from the facade.  Blinds/shades using indoor illuminance sensors automatically 

open or close depending on intensity of illuminance levels in the space.    Automation 

reduces the uncertainty of manual blinds/shades operation by opening based on 

lighting conditions in the space. 

 Motorized:  These systems are operated by a small motor placed in the header, and 

controlled by remotes, wall switches, timers, and sun or wind sensors.  Using a timer 

or a sun or wind sensor eliminates the uncertainty of blinds/shades operation 

manually or with a remote or wall switch.  Some systems in this category have blind 

slat tilt capabilities.  These systems can be powered through electric, battery or solar 

cell sources.    

 Electric Powered motors require a receptacle near the window mount to operate 

the blinds/shades. 

 Battery Powered motors typically require a 12V DC battery tube to house AA 

batteries, depending on the size of the blind/shade.  These systems can use a 

single or dual battery pack for operation. 

 Solar Cell Powered motors use a solar panel mounted on the inside of the window 

opening (facing the exterior) and converts sunlight into electrical energy.  The 

electrical energy is stored in a Nickel Metal Hydride battery.   

 Manual:  These systems are manually operated and can be raised from the bottom-

up or the top-down, depending on the location of the header.  Manual blinds offer 

the occupant the most control and customization of their blinds/shades to meet their 

visual comfort needs.  This type of control mechanism offers great uncertainty in the 

blinds/shades operation.       

Wide varieties of products currently exist on the market from each of these categories.  

Figure 1 provides specific products from three manufacturers with most products, namely, 

Somfy, Mecho, Lutron, falling into the ‘Automated-Smart’, ‘Automated’ and ‘Motorized’ 

categories. Products from other manufacturers and ‘Manual’ category are not included in the 

table below. 

 

Product Category Manufacturer Product Description 

Automated - Smart Somfy SonesseTM 30 
RS485 

A motor capable of communicating with the 
Somfy Digital Network and integrates with 
third party control systems. 

Automated - Smart Mecho Intelligent Motor 
Control Systems - 
Various 

Various control systems capable of 
integrating with other building systems (i.e. 
Lighting) and building management systems. 

Automated - Smart Lutron Various A motor controlled through automation 
based on interior lighting conditions.  Lutron 
offers several control systems compatible 
with Lutron and third-party Building 
Automated Systems.  

Automated Somfy SonesseTM 30 RTS A motor capable of wireless radio control. 

Automated Somfy Sunis & Thermo 
SunisTM 

Sun sensors responding to sunlight levels 
and room temperature.  Sensors wirelessly 
communicate with the systems motor to 
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automatically adjust to interior conditions.  

Automated Lutron Hyperion®, Sivoia 
QS 

This solar-adaptive shading system adjusts 
blinds and shades according to a radio 
window sensor to maximize natural daylight.  
The system can be integrated with other 
Lutron systems. 

Automated Mecho SolarTrac®, 
SunDialer® 

These systems offer automation to Mecho’s 
ElectroShade® by using onsite solar sensor 
data to determine sky conditions to adjust 
the shade automatically based on 
predetermined thresholds. 

Motorized (Electric) Somfy SonesseTM 30 DCT A motor offering control via contact closure 
switching. 

Motorized (Electric) Mecho ElectroShade® Various motorized shade options for 
commercial spaces.  This system can be 
paired with Automated control systems. 

Motorized (Solar 
Cell) 

Somfy WireFreeTM Solar 
Pack 

A wireless motor powered by a solar panel 
mounted on the inside of the window 
opening.  Operates using wall switches or 
hand held controllers. 

Motorized (Battery) Somfy Roll Up 
WireFreeTM 

A motor powered by batteries requiring no 
wired electrical connection.  Operates using 
wall switches or hand held controllers. 

Motorized (Electric 
or Battery) 

Somfy Tilt WireFreeTM A motor and controller specifically used to 
control the operation of blinds.  The 
controller can be used to raise, lower, and 
adjust tilt angle of the slats.  The system also 
has timer capabilities for scheduled open 
and closed times. 

FIGURE 1: INTERIOR DAYLIGHTING BLINDS AND SHADE TECHNOLOGIES CURRENTLY IN THE MARKET 

Links to product brochures of example technologies for each category listed above are 

located in the Appendix. 

TECHNOLOGIES 
Three advanced daylighting technologies were evaluated through field installations, these 

were: Automated top-down shades, Manual bottom-up shades, and Split-inverted blinds.  

Characteristics of each technology, installation, and operation are described below. 

TECHNOLOGY #1 - AUTOMATED TOP-DOWN SHADES 

The automated top-down shades (Figure 2) are operated by an intelligent system to 

be raised or lowered automatically, based on inputs about sun position, sky 

cloudiness, and pre-programed user preferences. The shades are programmed to 

maintain a maximum solar penetration threshold. The shades raise or lower to never 
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allow sun beyond that point. The pre-programed user preferences are noted below. 

Values in parenthesis were used for this study:  

 Solar penetration into the space (60”) 

 Clear sky threshold (70%) 

 Time delays:  

 clear to cloudy (20 minutes) 

 cloudy to clear (1 minute) 

 

 

FIGURE 2: AUTOMATED TOP-DOWN FULL HEIGHT SHADES 
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FIGURE 3: RADIOMETERS, LOCATED ON ROOF 

If the automated settings are not meeting the occupant’s workspace needs they have the 

option to override the automated setting.  A panel of five manual override buttons is located 

next to each of the automated top-down shades. These buttons allow the occupant to 

position the shades five different ways: 100% open, 75% open, 50% open, 25% open, and 

closed. Once the manual override button is used, there are 5 preprogrammed times the 

system will rejoin the automated settings: 9 AM, 10 AM, 11 AM, 12 PM, and 1 PM (solar 

time). Thus, if the occupants override the automated setting in the morning, it will return to 

its preprogramed setting one hour later. Additionally, if the setting is changed in the 

afternoon, it will stay that way until the evening when the shades are programmed to 100% 

open. 

TECHNOLOGY #2 - MANUAL BOTTOM-UP SHADES 

The manual bottom-up shades (Figure 4) evaluated are the inverse of the existing manual 

top-down shades in the study space.  They are designed to reduce glare and provide privacy 

for the lower window area, while still allowing daylighting into the space from the upper 

window area.  These shades allow the occupant flexibility to raise or lower to their preferred 

height at any time.  Raising and lowering of the shades is done by a drive chain, similar to 

manual top-down shades.  Installation of the shades requires minimal labor.  In a bottom-

up shade application, the roller tube and shade assembly is mounted at the bottom of the 

window assembly as seen in Figure 4.    
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FIGURE 4: MANUAL BOTTOM-UP FULL HEIGHT SHADES 

TECHNOLOGY #3 - MANUAL SPLIT-INVERTED BLINDS 

The split-inverted blinds installed for field evaluation were white in color with 2” wide slats.  

The product (Figure 5) is a variation of a typical venetian blind, but with the difference that 

the blinds in the upper 1/3rd of the window are installed concave-side up in order to 

redirect more daylight deeper into the space.  Installation of the blinds is similar to that of 

typical venetian blinds. 
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FIGURE 5: MANUAL SPLIT-INVERTED BLINDS 

Adjusting the slat angle and retracting the blinds is done manually by a rod connected to a 

crank handle to use to operate the blinds to the occupants desired position.  The slat 

position of the blinds is adjusted by turning the rod in either direction, simultaneously 

changing the angle of both the upper 1/3rd (daylighting portion) and the lower 2/3rd (view 

window) of the blinds.  The blinds are retracted by turning the crank handle at the end of 

the rod.  This is a slight variation from typical mini blinds, which have a separate string to 

retract the blinds up or down. 
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TEST METHODOLOGY 
Evaluation of the technologies was conducted at a customer host site located with PG&E 

service territory.  The site selected, to evaluate the three technologies, was located in a 

commercial office space in San Francisco.  Facility details are discussed in the next section.   

A side-by-side field evaluation was conducted to assess in situ performance and compare it 

to expected results.  This comparison included monitoring the advanced technology and the 

existing base case within the same space with degrees of separation.  The advantage of this 

type of comparison is that each space has similar physical features, occupancy patterns, 

and daylight conditions (sunlight exposure, exterior view conditions, etc.).  This method of 

evaluation allows for evaluation of a technology in an operational building with actual 

occupants; whereas, a lab study cannot accurately predict occupant behavior or real-time 

operational conditions of an actual building.    

Installation was done through a manufacturer recommended installer with previous 

experience installing each technology.   Technology 1, Automated Top-down shades, 

required internet connectivity and a licensed electrical contractor to install wiring, and 

radiometers.  Interior wiring was required to connect the shade motor, located at the study 

windows, to the system gateway, located in a utility closet (Figure 6).   

 

 

FIGURE 6: INTERNET ROUTER (LEFT) AND AUTOMATED SHADES SYSTEM GATEWAY (RIGHT) 

Wiring was also run to connect the system gateway to the radiometers, located on the roof, 

directly above the study space.  Once the system was installed and operating, a 

manufacturer specialist performed onsite commissioning of the system.  Commissioning was 

done to program predefined system settings (discussed above) and ensure the automation 

was operating to the defined settings.  Technology 2, Bottom-up Manual shades, were 

installed similar to a manual top-down shade; however, mounted at the bottom of the 
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window frame.  Technology 3, Split-inverted blinds, were installed similar to that of a typical 

mini blind system, at the top of the window frame.   

Installation of field monitoring equipment was performed by the consultant’s project team.  

A detailed outline of the instrumentation plan is discussed in the next section.  Additionally, 

the project consultant conducted several site visits to monitor site conditions, operation of 

technologies, and placement of monitoring equipment. 

Educating occupants on the operation of each technology was also conducted by the 

consultant.   The technologies installed were variations of the existing blinds or shades; 

therefore, educating occupants on how to operate each technology was important for 

effective use of the technology and to meet their comfort needs.  The trainings took place 

shortly after each technology was installed. 

FIELD TESTING OF TECHNOLOGY 
Evaluations were conducted at one host facility in two separate spaces, where the above 

mentioned advanced daylighting blinds and shade technologies were evaluated compared to 

the existing base case in each space.  Technology 1 and 2 were installed in space #1, and 

technology 3 was installed in space #2; space descriptions below.  Selection of host spaces 

was based on the following criteria: 

 Orientation: A South facing façade is preferred when conducting a side-by-side 

comparison. This will take advantage of the façade receiving the greatest solar 

impact.   

 Unshaded:  The building façade with installed technologies should not be shaded by 

overhangs, trees, or other urban obstructions.   

 Occupant Commitment: Consumer willingness to participate and staff availability 

to facilitate site access and monitoring.  

 Facility Characteristics: A large open office space where the technologies can be 

installed side-by-side such that they are exposed to the same daylight conditions 

(comparable sunlight exposure, exterior view conditions, etc.), and comparable 

occupancy, while allowing for independent assessment of each technology’s 

performance.   

 Use and Characteristics: Similar to other customers/sites that are likely to 

consider advanced blinds projects, such as large window areas with high visible light 

transmittance glazing.  

 

FACILITY DESCRIPTION   
The facility chosen for field evaluation is located in San Francisco’s China Basin District on 

the water’s edge of a San Francisco Bay inlet.  According to NOAA5, San Francisco 

experiences 66% of possible sunshine annually.  The building is six stories, and used 

primarily as commercial office space.  The building was built in 1922 as a warehouse to 

store cargo from incoming ships.  Renovations began more than 20 years ago to convert the 

warehouse into commercial office spaces.  The renovation retrofitted windows to aluminum 

framed dual-pane glazing.  The building is orientated to the NW; with the two study spaces 
                                                           

 
5 http://www.ncdc.noaa.gov/oa/climate/online/ccd/avgsun.html 

http://www.ncdc.noaa.gov/oa/climate/online/ccd/avgsun.html
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(indicated by the red rectangle in the Figure below) located on the SE façade, on floors five 

and six (Figure 7).  The SE facing facade experiences low sun angles in the mornings with 

the sun moving away from the facade by about noon.    

 

FIGURE 7: BUILDING AND STUDY SPACES (INDICATED BY RED RECTANGLE) 

Both spaces share the same window geometry.  The windows are grouped into bays; each 

bay is 14’10” wide by 7’3.5” tall with a 1¾” wide mullions dividing eight panes of glass as 

seen in Figure 8 with the horizontal mullion 1’10” from the top of the window frame.  The 

windows are 32” from the floor and approximately 10” from the ceiling.  No exterior 

obstructions or overhangs provide shading to the façade. 
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FIGURE 8: INTERIOR WINDOW GEOMETRY 

The two spaces chosen for field evaluation are both open offices with different workspace 

partition configurations, interior architectural characteristics, and occupancy schedules.  

Each space is described below. 

SPACE #1 

Space #1 is an open office with nine bays of windows, is 180’ long and varies in depth.  A 

portion of the space has a wall 26’ deep into the space, while the remainder of the space is 

open through to the NW façade.  The existing shades are manual top-down grey shades.  

Two types of advanced daylighting shade technologies were studied in this space; 

Automated top-down (technology #1) and manual bottom-up shades (technology #2).  In 

Figure 9, the windows identified in green (3rd and 4th from the northeast corner on the 

southeast facing wall) received the automated shades. The windows identified in yellow (6th 

and 7th from the northeast corner) received the bottom up manual shades. The rest of the 

windows remained unchanged. The windows identified in orange (2nd, 5th, and 8th from 

the northeast corner) served as control bays. 
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FIGURE 9:  STUDY WINDOWS. GREEN INDICATES LOCATION OF AUTOMATED (TOP-DOWN) SHADES, YELLOW INDICATES MANUAL 

(BOTTOM-UP) SHADES, ORANGE INDICATES EXISTING SHADES SERVING AS CONTROLS 

This space is ideal for a daylighting study due to space characteristics such as the open 

office layout, large window to wall ratio, light colored walls and ceiling, and low partition 

heights as seen in Figure 10.  The space has two ceiling heights; half of the space has a 

white T-bar dropped ceiling, where the bottom-up shades are located, with a height of 

10’10” and a 2’ gap between the window and start of the dropped ceiling.  The other half of 

the study space has a 14’ white concrete ceiling with exposed HVAC ducts.  Workspace 

partitions are 4’ tall with the tallest portion situated between the window bays. 

 

FIGURE 10: SPACE #1 OFFICE LAYOUT, DROPPED CEILING 
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FIGURE 11: SPACE #1 WORKSPACE PARTITIONS 

Occupants are in the space generally 8 AM to 6 PM Monday-Friday with some use on the 

weekends.  There is a 3.5’ walkway between the windows and workspaces, and occupants 

sit one of two directions: directly facing the windows or perpendicular to the windows. 

While most space characteristics allowed for ideal study conditions, some characteristics 

presented limitations.  These include:  

 SE orientation - The space was not oriented true south; therefore, daylit hours were 

limited. 

 NE corner window - A window located in the NE corner provided daylit to the study 

space from another orientation.  This was mitigated by closing the shades for the 

duration of the study period. 

 Exposed ducts - Exposed ducts located in the center of the window bays limits the 

spread of daylighting further back into the space.  

 Interior back wall - A portion of the study space had an interior wall and storage 

racks 26’ deep into the also limiting the spread of daylighting. 

SPACE #2 

Space #2 is an open office layout with nine bays of windows, is 185’ long and varies in 

depth.  A portion of the space, near the control windows, is 39’ deep; while the treated 

windows have an interior wall 22’ deep.  The existing fenestration attachments are 

horizontal 1” grey perforated mini blinds.  Technology #3, split-inverted blinds, was studied 

in this space.  In Figure 12 the windows identified in green (4th and 5th from the northeast 

corner on the southeast facing wall) were treated with the split-inverted blinds.  The 

windows identified in yellow (7th and 8th from the northeast corner) indicates existing 

perforated blinds serving as controls. The rest of the windows remained unchanged.  
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FIGURE 12: STUDY WINDOWS. GREEN INDICATES LOCATION OF SPLIT/INVERTED BLINDS, YELLOW INDICATES EXISTING BLINDS 

SERVING AS CONTROLS. 

This space is ideal for a daylighting study due to space characteristics such as the open 

office layout, large window to wall ratio, light colored walls and ceiling, and low partition 

heights as seen in Figure 13.  The study space has a 14’ white concrete ceilings with 

exposed HVAC ducts also white in color.  Workspace partitions are 4’ tall with the tallest 

portion situated in the center of the window bays.  Occupants are seated either nearest to 

the windows facing the window or with their backs to the window.  The space is occupied M-

F from 6 AM to 5 PM. 

 

FIGURE 13: SPACE #2 OPEN OFFICE LAYOUT 
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FIGURE 14: SPACE #2 CUBICLE LAYOUT, CONTROL WINDOWS 

Similar to space #1, the characteristics of space #2 allowed for ideal study conditions; 

however, some characteristics presented limitations.  These include:  

 SE orientation - The space was not oriented true south; therefore, daylit hours were 

limited. 

 Exposed ducts - Exposed ducts located in the center of the window bays limits the 

spread of daylighting further back into the space.  

 Interior back wall - A portion of the study space had an interior wall 22’ deep into the 

also limiting the spread of daylighting.    

TEST PLAN 
Our approach to quantifying the daylighting impacts of the space was to use monitoring 

equipment to record the following data from solstice to solstice to capture a full range of 

sun angles; however, due to delays in site selection only four months, February-June, of 

monitoring occurred: 

 Interior lighting levels 

 Shades/Blinds operation 

Monitoring illuminance levels of each ‘advanced shade’ technology compared to the 

incumbent manual shades/blinds of each study space allowed for a fair comparison of each 

technology.  In each study space, the incumbent technology was uninstalled and the new 

‘advanced shade’ technology was installed for the duration of the study period.   

Data from the illuminance sensors was collected in 15-minute intervals for the four-month 

study period.  This allowed four points of data for each hour to capture a full range of solar 

impacts on the space and occupant operation of their shades/blinds.  Data was downloaded 
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and checked half way through the study period and once again at the conclusion of the 

study period.  The instruments and their uses are described in the Instrumentation plan 

section below.    

 

INSTRUMENTATION PLAN 
The following section describes the instrumentation used to measure the impact of 

daylighting from each ‘advanced shade’ technology compared to the incumbent manual 

shades/blinds.  Three types of illuminance sensors used, a description and their use are 

described below.   

Interior lighting levels in the space was monitored using Onset HOBO indoor illuminance 

loggers (Figure 15).  One set of loggers monitored interior illuminance levels.  These were 

placed directly on workspace partitions and on the ceiling in areas where they are not likely 

to be disturbed or covered up.  Measuring the illuminance levels in the control and treated 

areas determines how the daylighting levels in the space have been impacted due to the 

installed technologies. Electrical lights were also monitored with similar HOBO illuminance 

loggers placed directly in view of the lamp to determine when the lights were on and off.    

 

FIGURE 15: ILLUMINANCE LOGGERS FOR INTERIOR ILLUMINANCE MONITORING 

To monitor blind and shade operation, a new logger system was developed using Onset 

HOBO exterior illuminance loggers mounted on custom shaped metal bracket (Figure 16).  

The logger faces the exterior and records daylight coming into the space through the 

window with the blinds/shades, when they are drawn.  These were placed on the window 

frame at ¼, ½, and ¾ window heights. A second logger was placed looking out the window 

but not through the blinds/shades. This logger provided daylight entering the space through 

the glazing, and was not influenced by the blinds/shades drawn. Through extensive testing 

done by TRC staff, the logger position in relation to the blinds/shades and the design of the 

mounting brackets were determined. 



 

 25 

PG&E’s Emerging Technologies Program ET11PGE1042 

 

FIGURE 16: LOCATION OF LOGGERS MONITORING BLIND/SHADE OPERATION 

  

To determine shade position using this method, a ratio was calculated by the values from 

the illuminance logger measuring outdoor illuminance, and each of the three loggers 

mounted looking at the glazing through the blind/shade.  Once the ratios were determined, 

a threshold for “open” and “closed” was established.  This provided data on how the 

occupants operated their shades or blinds throughout the study period.     

A hand-held illuminance meter (Figure 17), Minolta T-10, was utilized during site visits to 

obtain real-time illuminance readings, which were used in calibration and quality checking 

phase of the project.   
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FIGURE 17: MINOLTA T-10, HAND-HELD ILLUMINANCE METER 

EQUIPMENT CALIBRATION AND POST-PROCESSING OF DATA 

Post-processing of the HOBO’s and data is required to calibrate and ensure recorded data is 

usable for analysis.  Each process is discussed below. 

HOBO CALIBRATION PROCESS 

To ensure data validity and accuracy, the HOBO loggers were calibrated against a pre-

calibrated set of LI-COR illuminance sensors. The LI-COR sensors served as the standards in 

this case, and the sensors’ calibration processes were performed following NIST standards 

by the manufacturer prior to their shipment. The research team then calibrated the HOBOs 

against the LI-COR sensor by exposing them to the same illuminance level as seen in Figure 

18.    
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FIGURE 18: CALIBRATION SETUP WITH LI-COR SENSORS AND HOBO LOGGERS 

Using simple regressions, a calibration coefficient for each HOBO logger was calculated and 

applied to the raw data.   

DATA POST-PROCESSING 

Before conducting analysis, the data from the Hobo loggers was processed to  

a. Apply the calibration coefficient - The calibration coefficient developed for each HOBO 

logger (described in the Hobo Calibration section) was applied to the raw data from 

each HOBO logger 

b. Remove electric lighting contribution - HOBO loggers located along horizontal 

transects were processed to remove electric lighting contributions to obtain 

“daylighting only” illuminance (in foot-candles).  This was done by determining 

nighttime electric lighting contribution to each HOBO logger in the space for each 

combination of circuit on/off. Loggers monitoring all seven of eight lighting circuits 

provided information of when each circuit was on or off.  Contribution of each 

lighting circuit was then subtracted from all the overall illuminance values in the data 

set to determine the impact of daylighting only for analysis. Note, that one of the 

circuits, was determined to be an emergency circuit from our contact at the host site, 

and was thus assumed to be always on, and hence not monitored.  

Other sources of data besides the illuminance loggers were also processed to match the 

time step of the illuminance loggers (15 mins). These sources included: 

a. Automated system data - Data on operation of the automated shades was collected 

from the manufacturer’s system, which logged shade state change information data 

for the entire study period.  This data provided the research team with time stamped 

information on shade position, sky conditions, and manual override occurrences 

throughout the study period.   

b. Outdoor weather conditions - Outdoor weather conditions such as solar radiation - 

direct normal and diffuse horizontal, solar altitude, and solar azimuth were obtained 

from a local weather station located at the San Francisco Airport (which is about 15 

miles from the host site).   
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OCCUPANT SURVEY  
Occupant surveys were developed and conducted pre- and post-installation of the 

technologies to document the occupant’s level of acceptance and experience with the new 

technologies.  The surveys were conducted online via the SurveyMonkey platform.  A copy 

of the survey can be found in Appendix (Occupant Survey). 

SIMULATION PARAMETERS 
For this study, daylighting simulations were carried out to determine savings potential for 

the advanced blinds/shades in orientations and climates other than the one in the field 

evaluation. 

For the daylighting simulations, we developed a simple room model, with the same overall 

dimensions and window sizes as the host office site, and ran annual simulations using DOE 

2.2 eQuest (v 3.61). Continuous daylight autonomy (cDA) was calculated at two point, 10’ 

and 20’ from the window. cDA calculated at these two points can be thought of as 

percentage lighting energy savings in the primary and secondary daylit zones respectively – 

using a theoretically perfect dimming lighting system that maintains a minimum of 30fc at 

the work plane. 

To compare the performance of the automated shades to manually operated shades, all four 

types of manual occupant blinds/shades operation schedules, described in more detail later 

in the Results section, were modeled individually. Namely: 

 Active Occupant 

 Seasonal Occupant 

 Non-Active Occupant (Open) 

 Non-Active Occupant (Closed) 

Shades were modeled with 5% total visible transmissivity. Hourly illuminance obtained from 

the simulations were modified using correction factors6 for split-flux based simulations to 

account for the known overestimation of illuminance in the split-flux method. 

 

                                                           

 
6 Saxena, Mudit (2012). Memo to California Energy Commission on “Daylighting Setpoint Correction Factors for Split 
Flux Based Simulations” for Title-24 Alternative Calculation Method 
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RESULTS  
To evaluate the potential for energy savings from three advanced daylighting blinds and 

shades technologies, on-site installation of the technologies was evaluated at two host sites 

(described earlier). Two technologies were advanced daylighting shades, and one was 

advanced daylighting blinds. Each technology was installed on a set of two adjacent 

windows, to provide enough area where the difference in daylight levels could be monitored. 

These areas were called ‘study’ areas. Separate from these study areas, daylight levels 

were also monitored in areas where the original blinds/shades were left as-is. These areas 

were called ‘control’ areas, and provided a side-by-side comparison to estimate savings. 

This evaluation was done by: 

1. monitoring blinds/shades operation patterns, for both study and control cases - 

in 15 min time intervals, across the entire study period.  

2. documenting change in daylight levels. This was then processed into lighting energy 

savings for the space, assuming photocontrols. 

3. assessing occupant acceptance of the technologies through interviews, surveys 

and observations. 

MANUAL BLINDS/SHADES OPERATION PATTERNS 
Observing time series data on shades operation provided insights on how occupants 

(manually) operate their shades throughout the study period.  Operation of the automated 

shades was monitored through the shade manufacturer’s system, while the manual shades 

were monitored using onsite illuminance sensors attached to windows (for methodology see 

Instrumentation Plan section above).   

Our analysis of the data showed that manual occupant operation of the shades was variable 

across all monitored windows in the study space. The observed occupant shades operation 

could be roughly classified into three categories: 

 

1. Active - The occupant is engaged with moving his/her shades regularly - this could 

be as much as 2-3 times daily, or at least once in a couple of days. 

2. Seasonal - The occupant changes shade position once in a few months, typically 

linked to change in solar angles. 

3. Non-active - The occupant never changes their shade position, or changes them 

once in many weeks, or months.  

 

Each of the three types of use patterns and their impact of daylight availability for lighting 

energy savings are discussed below.  

The figures below (hereafter called the blinds/shades matrix) are a graphical representation 

of observed blinds/shades operation by hour (along the horizontal axis) and day (along the 

vertical axis). Each cell in the matrix thus represents an hour, which is an average of four 
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data points (15 minute). The color of each cell represents the percent retraction. The 

lightest color indicates the shade is 100% retracted (or open), and the darkest color 

indicates the shade is 0% retracted (or completely closed).  Shades in between represent 
varying states of retraction. While the data captured shade positions in increments of ⅓ (i.e. 

closed, ⅓ retracted, ⅔ retracted, fully retracted), because the hourly data is an average of 

four data points collected at 15 minutes, values can be between these ⅓ increments also. 

 

FIGURE 19: RETRACTION COLOR SCALE OF SHADES 

ACTIVE OPERATION 

Occupants of the windows in Bay 5 of study space #1 demonstrate (original manual shades) 

predominantly an ‘active’ operational behavior, as seen in Figure 20.  The occupants 

adjusted their shades in a variable manner throughout the study period. The shades were 

adjusted up to two or three times a day, which is a characteristic of the active operation. 

These occupants are seen actively operating their shades more so during months with low 

solar altitudes, most likely a result of direct sun on the facade during the early morning 

hours.  

Bay 5 served as a control for this study space and is next to Bay 4, the automated top-down 

study bay.  Feedback from occupants indicated they did like their existing blinds but would 

have preferred to have different control mechanism such as automation.  Many occupants of 

this bay commented on the automated shades near them indicating they “did notice the 

nice automated blinds performing wonderfully in the bay next to ours.”  Additionally, 

occupants in the control bay found that they would have preferred to have the automated 

shades because then they do not have to share operation of the shades with others because 

they would be automated.  Another common response on the occupant surveys was the 

general liking of the views from the study space.  

The impact of the active operation on daylighting energy savings is that the daylight from 

the window is intermittent and unpredictable, especially as compared to the automated 

shades. 
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FIGURE 20: BAY 5 WINDOWS (CONTROL) MANUAL TOP-DOWN SHADES - ACTIVE USER OPERATION 

SEASONAL OPERATION 

Occupants of the windows in Bay 2 of study space #1 (original manual shades) demonstrate 

predominantly a ‘seasonal’ operational behavior, as seen in Figure 21.  Roughly speaking, 

the occupants decided to keep their shades ⅓ or ⅔ closed during most of the winter and 

spring months, and fully open during the summer months. Further, we notice that when 

shades are adjusted to a certain height, they remain in that position for days or weeks on 

end, which is a characteristic of the seasonal operation. 

Feedback from occupants during site visits indicated they enjoy the view from their windows 

and like to keep the shades open when visual conditions permit. 

The impact of the seasonal operation on daylighting energy savings is that the window 

delivers less daylight in the winter, when the shades are left closed for long periods of time, 

and a lot of daylight in the summer when the windows are left open, even when direct sun 

is entering the space. Any decision made by the occupant (to either close or open the 
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blinds) has positional “inertia”, i.e. the shades remain in that state for days if not weeks. 

This makes predicting energy savings difficult because the decision to open or close blinds 

can be made on immediate needs for glare control for an hour on one day, but the 

consequence is shades closed for multiple days. 

  

FIGURE 21: BAY 2 WINDOWS (CONTROL) MANUAL TOP-DOWN SHADES - SEASONAL USER OPERATION 

NON-ACTIVE OPERATION 

Occupants of the windows in Bay 8 of study space #1 (original manual shades) demonstrate 

a ‘non-active’ operational behavior, as seen in Figure 22. The occupants of the left window 

(left matrix) hardly ever operate their shades and default to leaving them open. The 

occupants of the right window (right matrix) on the other hand, leave their shades drawn to 
about ⅓ the height and that decision persists throughout most of the study period.  
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The impact of the non-active operation on daylighting energy savings can either be 

maximum daylight throughout the day (if shades are left open) or minimum daylight (if 

shades are left closed). The savings can be predictable if the occupant’s preference is 

known. 

  

FIGURE 22: BAY 8 WINDOWS MANUAL BOTTOM-UP SHADES - NON-ACTIVE USER OPERATION 

ADVANCED BLINDS/SHADES OPERATION PATTERN 

AUTOMATED SHADES OPERATION PATTERN 

Bay 3 and 4 of study space #1 received one of the ‘advanced shades’ that were being 

evaluated in this study - the automated shades, (described in the Technology #1 - 

Automated Top-down shades Section). The occupants in these bays interacted with the 

shades using the optional manual override button. The rest of the time, the shades were 

automatically operated using the shade manufacturer’s system, based on the specified 
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settings (explained in the Technology #1 - Automated Top-down shades Section). The 

automated shades were retrofitted in a total of 4 windows. The operation of all four windows 

is the same, as seen in the Figure 23 (left image). As expected, the shades remain lowered 

in the morning hours when direct sun enters the room (facing SE), and is slowly raised as 

the sun angle gets higher and the sun moves away from the facade, which happened by 

about 12:00 PM during winter months, gradually moving to about 9:00 AM during summer 

months. This gradual shift can be observed in Figure 23 (left image).   

  

FIGURE 23: BAY 3 & 4 - AUTOMATED TOP-DOWN SHADE OPERATION (LEFT), SKY CONDITIONS - CLOUDINESS (RIGHT) 

Besides this highly predictable pattern based on sun angles, hours when the sun was diffuse 

(due to fog or clouds) had the blinds raised completely, and the few hours when occupant’s 

overrode the automated controls.  The image on the right in Figure 23 represents the sky 

conditions throughout the study period; a light color indicates clear skies (0 indicator), and 

the darkest shade indicates cloud cover (1 indicator).  Partial hours with cloudy and non- 

cloudy times average to values between 0 and 1. This data was obtained from the 

radiometer, located on the roof, and recorded by the shade manufacturer’s logging system.  
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In Figure 24, the cloudy sky conditions during the morning hours resulted in the retraction 

of the automated shades.  Feedback from occupants indicated they were very satisfied with 

the shades being open during overcast conditions, where the occupants may not have 

retracted them if the control mechanism was manual and the sky conditions changed from 

sunny to cloudy (or vice versa) throughout the day. 

  

FIGURE 24: AUTOMATION RESPONSE TO SKY CONDITION - AUTOMATION (LEFT), SKY CONDITION (RIGHT) 

From daylighting energy savings standpoint, automated shades provide close to an idealized 

operation, blocking direct sunlight when sun is on the facade, and allowing diffuse skylight 

when the sun is either away from the facade or when the sky is cloudy. 

BOTTOM-UP SHADES OPERATION PATTERN 

Bays 6 and 7 of study space #1 received one of the ‘advanced shades’ that were being 

evaluated in this study - the bottom-up manual shades, (described in the Technology #2 - 

Manual Bottom-up shades Section). The occupants in these bays decided to leave the blinds 

fully open throughout most of the study period. The occupants of the right window in Bay 6, 

and left window in Bay 7 (right matrix in Figure 25 and Figure 26) operated their new 

bottom-up shades right after the shades were installed, closing them completely during the 

morning and opening them in the evening. Then, after a few tries, they decided to leave the 

shade fully open through most of the remaining study period. Other occupants, such as left 
window in Bay 7 (left matrix in Figure 26), left the window ⅓ closed for some days in the 

winter. Since this is a bottom-up shade, this likely provided the seated occupants partial 

relief from glare allowing in daylight to enter the space from the top open portion.  Starting 

in May all four windows with bottom-up shades was fully retracted for the rest of the study 
period, indicating that the occupants determined that they did not need the ⅓ window from 

the bottom covered. Overall, the occupants with the bottom-up shades displayed a 

predominantly ‘non-active’ type manual operation.  

Feedback from the occupants and host site contact revealed further insight into the 

occupant operation behavior. They indicated that the bottom-up shades were “difficult to 

operate” - the chain mechanism was “clunky” and even broke a few times. In addition, 

raising the shades from bottom-up needs work as you are pulling against gravity, and these 

shades were large and heavy. The occupants thus left the shades at a generally agreeable 

state for the duration of the study.  Comments from the occupants indicated the shades 

were “too hard to pull up” and “they weren’t easy to use.”  The size of the bottom-up 

shades may have been too large for this type of shade causing difficulty in operation. The 

manufacturer noted that a 7.5’ wide x 7.5’ high window shade used in this study was not 

typical, and that sizes for most applications are smaller, which will likely not have these 

problems.  

The impact of this non-active operation of the bottom-up shades on daylighting energy 

savings was that daylight levels were high in Bays 6 and 7, which should result in high-

energy savings. However, occupant feedback needs to be taken in consideration, which 

indicated that they were not completely satisfied with the operation mechanism, which may 

have resulted in the non-active operation behavior observed here. 
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FIGURE 25: BAY 6 WINDOWS MANUAL BOTTOM-UP SHADES 
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FIGURE 26: BAY 7 WINDOWS MANUAL BOTTOM-UP SHADES 

SPLIT-INVERTED BLINDS OPERATION PATTERN 

Bays 4 and 5 of study space #2 received one of the ‘advanced shades’ that were being 

evaluated in this study - the manual split-inverted blinds (explained in the Technology #3 - 

Manual Split-inverted blinds Section).  The manual split-inverted blinds were retrofitted in a 

total of 4 windows.  The occupants in these bays decided to leave the blinds fully lowered 

throughout the study period and only adjust the slat angles.  The figures below represent 

the ‘openness’ of the slats.  A threshold of 45 degrees was identified to indicate if the blinds 

were open (>45 degrees) or closed (<45 degrees).  In the figures below, the dark color 

indicates the blinds were closed, and the light color indicates the blinds were open. When 

the blinds are ‘closed’ this means the slats were angled anywhere between 0-45 degrees.  

Additionally, in the figures below, when the blinds are ‘open’ this means the slats were 

angled anywhere between 45-90 degrees.  Due to difficulty in determining varying slat 

angles these thresholds were developed to interpret the data.   
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The occupant operation of the blinds in bay 4 (Figure 27) was mostly seasonal.  The blinds 

in both windows in Bay 4 were left mostly closed during the winter months with low sun 

angles, and open during the spring months with rising sun angles. The occupants rarely 

operated the blinds during the day, resulting in the blinds remaining at the same position 

for extended periods of time. 

The occupant operation of the blinds in bay 5 (Figure 28) was a mix of passive and seasonal 

use.  The occupant of the left window in bay 5 was the passive user, leaving the blinds 

mostly open throughout the study period with some periods of mostly closed.  Whereas the 

occupant of the right window in bay 5 was a seasonal user, keeping the blinds closed during 

the winter months with low sun angles, and open during the spring and summer months 

with high sun angles.   

Feedback from the occupants surveyed before the blinds were retrofitted indicated they 

rarely operate their blinds.  Occupant responses post retrofit shifted to “Never” and one 

occupant indicating they operate their blinds occasionally.  This shift in operation may have 

been due to the existing blinds having perforation, and none in the split-inverted 

blinds.  The occupants may have adjusted their blinds more with perforation; however, with 

no perforation they kept the blinds at their desired slat position to meet their visual comfort 

needs while still receiving adequate amounts of daylighting due to the top split-inverted 

portion of the blinds allowing in daylight. 

From a daylighting perspective, the blinds will provide some degree of daylighting 

regardless of the type of operation due to the top daylighting portion of the blinds.         
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FIGURE 27:  BAY 4 WINDOWS MANUAL SPLIT-INVERTED BLINDS 
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FIGURE 28: BAY 5 WINDOWS MANUAL SPLIT-INVERTED BLINDS 

BLINDS/SHADES OPERATION SCHEDULES FOR ENERGY  

SIMULATIONS 
Based on the observed blinds/shades operation patters described above, we developed four 

types of manual and one type of automated blinds/shades ‘Operation Schedules’. These 

schedules can be specified in an energy simulation program like EnergyPlus, or DOE2 or 

Radiance to represent the types of operation patters that were observed in this study.  

MANUAL OPERATION 

Following is the description of the four manual blinds/shades operation schedules and how 

they can be modeled in a simulation program. 

ACTIVE OCCUPANT 

This schedule represents an occupant that actively changes the state of their blind/shade at 

least two times per day. This was roughly observed to be when the sun hits the window 
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surface, and then later in the day when the sun is no longer on the window. Additionally, 

the active occupant also keeps the blinds/shades open during cloudy days.  

The operation schedule for an active occupant closes blinds/shades whenever there is direct 

solar radiation of at least 50 W/m2 (15.9 Btu/ft2-hr) incident on the window surface. 50 

W/m2 is generally accepted as the direct component of solar radiation on a clear day. Thus 

on cloudy days, the blinds/shades will remain open. 

SEASONAL OCCUPANT 

This schedule represents an occupant that only changes the state of their blind/shade once 

in many weeks or months. We observed that seasonal occupants tend to close their 

blinds/shades during the winter months, when the sun is low and more likely to cause 

discomfort, and open during summer months, when the sun is high. In addition, these 

occupants tend to not cover the entire window when the blinds/shades are closed. This is 

probably because the occupant desires some view out the window during the weeks/months 

when the blinds/shades are down. Conversely, they also tend to not fully retract the 

shades/blinds when open. We also observed that the blinds/shades are down more often 

than they are up. 

The operation schedule for a seasonal occupant closes blinds/shades up to 75% of the 

window area, during winter months, when sun angle is low i.e. September through April. 

The rest of the year, the shades are open, leaving 25% of the window covered. 

NON-ACTIVE OCCUPANT (OPEN) 

This schedule represents an occupant that mostly leaves their blind/shade untouched, and 

leave them in an open state. Our study found that these occupants valued the view out the 

window and were willing to orient their workstations to avoid any discomfort from direct sun 

from the window. We also observed that the blinds/shades are typically not fully retracted in 

the open state. 

The operation schedule for a non-active (open) occupant leaves the blinds/shades open with 

25% of the window covered for the entire year. 

NON-ACTIVE OCCUPANT (CLOSED) 

This schedule represents an occupant that mostly leaves their blind/shade untouched, and 

leave them in closed state. Our study found that these occupants were particularly sensitive 

to light and/or complained of thermal discomfort from the window surface, sitting very close 

to the window.  We also observed that the blinds/shades are typically not fully closed 

leaving a small portion open, which provides some view and connection to the outdoors. 

The operation schedule for a non-active (closed) occupant leaves the blinds/shades closed 

with 75% of the window covered for the entire year. 

AUTOMATED OPERATION 

Automated shades can be modeled in many different ways, based on criteria such as: 

 Interior illuminance 

 Incident solar radiation 

 Transmitted solar radiation 
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 Interior zone temperature 

 Solar penetration depth 

Most of these criteria can be easily programmed into a simulation program such as 

EnergyPlus or DOE2 from within the program’s interface.  

To simulate their performance of the automated shades that were assessed in this study, a 

maximum solar access threshold of 60” from the window can be used to raise or lower the 

blinds/shades in 1/4th height increments. Additionally, a 50 W/m2 (15.9 Btu/ft2-hr) incident 

direct solar radiation threshold can be used to fully raise the blinds/shades during cloudy 

conditions.  

ENERGY SAVINGS 
Automated shades, bottom-up shades, and split-inverted blinds save energy by increasing 

the number of hours per day with sufficient daylight. In this section, we discuss the daylight 

levels measured at various distances from the windows, and the metric of continuous 

daylight autonomy, which indicates the savings from dimming or switching electric lights off 

when enough daylight is available. 

It should be noted that the energy savings calculated here are lighting energy only, and so 

do not include 

a. The HVAC savings due to reduced direct solar heat gain from blinds/shades blocking 

sun penetration into the space in automated shades.  

b. The associated reduction in cooling due to reduced lighting load. 

The estimated energy savings (lighting only) are hence a conservative estimate of the 

actual savings that can be expected from these technologies. 

AUTOMATED SHADES 

Daylighting levels were measured for each of the study bays using illuminance sensors in 

transects located on the ceiling and workspace partitions.  Sensors were placed 5’, 10’, 15’, 

and 20’ from the window; ceiling sensors were located directly down the center of the 

window bay and partition sensors were located in between window bays. Results from the 

ceiling sensors, looking down, proved to be more appropriate to determine energy savings 

in this case. The partition sensors, which consisted of sensors looking up, had a larger 

influence of the electric lighting in the space, which proved difficult to isolate accurately, 

because of an unmonitored lighting circuit in the space. However, since ceiling sensors 

experience much lesser influence from electric lighting, their contribution could be isolated 

without much loss of accuracy due to missing data from the unmonitored lighting circuit. 

It should be noted that work plane illuminance, which is typically used to determine daylight 

illuminance sufficiency is 1.5 times the ceiling illuminance.  

ILLUMINANCE TRANSECTS 

The figures below represent the average daylight levels of the ceiling transects 10’, 15’, and 

20’ from the window, for the entire study period (Feb-Jun) for the automated top-down 

shades (Bay 3) compared to its control, the manual top-down shade (Average of Bays 2 and 

8). 
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FIGURE 29: AVERAGE (FEB-JUNE) 24-HR CEILING ILLUMINANCE PLOTS - 10’ FROM WINDOW - AUTOMATED TOP-DOWN 

(SOLID) VS. CONTROL (DOTTED) 

Figure 29 represents the daily average illuminance plot of the control and automated top-

down shades for the four-month study period (February 2013 - June 2013) at 10’ from the 

window. The plot shows that during the morning hours daylighting in the bays with control 

shades (dotted line) have almost the same illuminance as the bays with automated shades 

(solid line).  At about 6 AM – 7 AM, we see that the control windows are bringing in slightly 

more daylight - this approximately coincides with the time when the automated shades 

close to block direct sun.  However, from 9 AM - 7 PM the automated shades (solid line) 

show a significant increase in daylighting over the control shades (dotted line). As observed 

in the shades operation matrix earlier (Automated Shades Operation Pattern Section), the 

automated shades open up after the sun moves away from the SW facing window, which 

happens at about 9 AM in summer months and about 1 PM in winter. This allows more 

daylight from that hour onwards, seen clearly in the figure above. 
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FIGURE 30: AVERAGE (FEB-JUNE) 24-HR CEILING ILLUMINANCE PLOTS - 15’ FROM WINDOW - AUTOMATED TOP-DOWN 

(SOLID) VS. CONTROL (DOTTED) 

Figure 30 and Figure 31 represents the daily average illuminance plots of the control and 

automated top-down shades at 15’ and 20’ from the window respectively.  Similar to the 

illuminance plot at 10’ from the window, in the early morning hours, the illuminance profiles 

are very similar, up to the point where the automated shades close to block direct sun, 

when the control shades bring in more daylight than automated. Later when the automated 

shades re-open, we see an increase in daylighting from automated shades (solid line) 

compared to control (dotted line). As can be expected, the absolute values of illuminance at 

15’ and then 20’ get progressively lower, as we move further away from the window. 
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FIGURE 31: AVERAGE (FEB-JUNE) 24-HR CEILING ILLUMINANCE PLOTS - 20’ FROM WINDOW - AUTOMATED TOP-DOWN 

(SOLID) VS. CONTROL (DOTTED) 
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FIGURE 32: AVERAGE (FEB-JUNE) 24-HR CEILING ILLUMINANCE PLOTS - 10’, 15’ AND 20’ FROM WINDOW - AUTOMATED TOP-

DOWN (SOLID) VS. CONTROL (DOTTED) 

Figure 32  combines all three illuminance plots (10’, 15’, 20’) for the automated top-down 

vs. manual top-down (control) shades. The illuminance plots display a typical daylighting 

pattern; where daylighting levels are greatest closest the window and lesser farther back 

into the space away from the window.  

CONTINUOUS DAYLIGHT AUTONOMY 

Continuous Daylight Autonomy (cDA) represents a percentage of time (in full load 

equivalent hours) when electric lighting can be turned off or dimmed at a given point in the 

room, because lighting needs are met by daylighting alone. Most commonly, cDA is 

calculated at the work plane level (32” height) with an illuminance threshold of 30 fc. In our 

study, since work plane illuminance was unavailable, cDA was calculated using ceiling 

illuminance loggers. Since ceiling illuminance is typically higher than that on the work plane 

by a factor of x1.5, an illuminance threshold of 20 fc was used.   

The analysis uses data for weekdays, from 8 AM to 6 PM. All hours with illuminance of 20fc 

or more was considered as daylight autonomous, i.e. the electric lights can be turned off 

completely for that hour. Hours with less than 20fc were considered partially autonomous, 

i.e. electric lights can be dimmed at those times to complete the required illuminance 

threshold.  

Figure 33 below presents the calculated % cDA’s for the automated shades compared to the 

control with manual shades. The percent lighting energy savings column represents percent 

of time (percentage additional hours of the year) when daylight can be turned off due to the 

use of the advanced shades, compared to a base case with and without photocontrols in the 
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Control case. Savings in the case with photocontrols in study and control case was 

calculated using the following formula: 

% 𝐿𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =
(1 − 𝑐𝐷𝐴𝐶𝑜𝑛𝑡𝑟𝑜𝑙) − (1 − 𝑐𝐷𝐴𝑆𝑡𝑢𝑑𝑦)

(1 − 𝑐𝐷𝐴𝐶𝑜𝑛𝑡𝑟𝑜𝑙)
 

 

 

FIGURE 33: CONTINUOUS DAYLIGHT AUTONOMY - AUTOMATED TOP-DOWN VS. MANUAL TOP-DOWN SHADES 

The table shows lighting energy savings in the primary and secondary daylit zones was 

73.4% when assuming photocontrols in only study case, and 37.3% with photocontrols in 

both study and control cases. 

SAVINGS ESTIMATE FOR OTHER CLIMATES AND ORIENTATIONS 

Daylight autonomy calculated in the above table represents theoretical savings for only one 

building in one climate and a SE orientation. Using daylighting simulation, the lighting 

energy savings for automated shades was calculated for five California climate zones in the 

PG&E territory (Climate zones 3, 4, 5, 12 and 13), and four cardinal orientations (N, S, E 

and W). 

To compare the performance of the automated shades to manually operated shades, all four 

types of manual occupant blinds/shades operation schedules, described in more detail 

earlier, were modeled individually. Namely: 

 Active Occupant 

 Seasonal Occupant 

 Non-Active Occupant (Open) 

 Non-Active Occupant (Closed) 

The table in Figure 34 gives the calculated cDA values from the daylighting simulations. The 

results below are average for all four orientations, and the average of cDA calculated for 

primary and secondary daylit zones.  

 

cDA

CONTROL

cDA

STUDY

Top-Down 

Shades

Top-Down 

Shades

Manual Automated

10' from Window (PDZ) 72.4% 87.5% 87.5% 54.9%

20' from Window (SDZ) 42.9% 59.4% 59.4% 28.9%

Ltg Savings (PDZ+SDZ) 73.4% 37.3%

* cDA calculated using weekdays between 8AM - 6PM and 30 fc on workplane equivalent threshold

Continuous Daylight Autonomy 

cDA* (30fc at workplane)

% LIGHTING ENERGY 

SAVINGS

Photocntrls in 

STUDY only 

Photocntrols 

in CONTROL 

and STUDY
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FIGURE 34: CONTINUOUS DAYLIGHT AUTONOMY FOR FIVE CALIFORNIA CLIMATE ZONES 

Across all climate zones, the trend was similar. The ‘Non-active (closed)’ operation schedule 

had the lowest cDA values, as in this schedule the shades were closed at all times. The 

‘Non-active (open)’ operation schedule had the highest cDA values, as the shades here were 

open at all time. These two provide the upper and lower bounds of potential savings. 

‘Active’ and ‘Seasonal’ schedules had savings that lie between these two bounds. The 

‘Automated shades’ were found to have saving only slightly lower than those of the upper 

bound from the ‘Non-active (open)’ case.  

The ‘% Additional Daylighting Savings’ was calculated as: 

The difference of the lighting energy use from automated shades and  

a. The worst case of the manual shade cases,  

b. The best case of the manual shade cases,  

c. The average of all four manual shade cases.  

The ‘Range’ in the table represents (a) and (b), while the ‘Average’ represents (c). 

On average the lighting energy savings from automated shades range from 22% to 27%. At 

a maximum they can save up to 39% more lighting energy, compared to the most 

pessimistic assumption of manual blinds/shades operation, and at a minimum there can be 

up to 23% lesser energy savings, compared to the most optimistic assumption of manual 

blinds/shades operation. 

From this data, we can see that the automated shades provide reliable and consistent 

savings compared to the range of savings from manual  

ENERGY AND DEMAND SAVINGS ESTIMATE 

Energy and demand as well as utility bill savings estimates are provided in the section with 

two separate assumptions.  

1. Assuming photocontrols are only in the study case: Here the savings come 

from the addition of photocontrols and the advanced blinds/shades. This case 

represents a more typical situation in most office/commercial buildings, where 

daylighting controls have not been installed. This case also represents a common 

baseline for all three technologies in this study.  

2. Assuming photocontrols are in both control and study cases: Here the savings 

can be attributed to the additional daylight provided by the advanced blinds/shades 

STUDY

Top-Down 

Shades

California Climate Zones

Non-Active 

(Closed) Active Seasonal

Non-Active 

(Open) Automated Range Average

CZ 3 53% 57% 61% 75% 72% -12% to 39% 27%

CZ 4 55% 55% 62% 76% 72% -16% to 39% 27%

CZ 5 54% 56% 62% 76% 72% -14% to 39% 27%

CZ 12 54% 56% 61% 75% 70% -21% to 35% 22%

CZ 13 55% 56% 63% 76% 71% -23% to 35% 23%

* Average for primary and secondary daylit zones, and average for N, S, E, and W orientations

** % Ltg Energy Savings is l ighting energy use in Study compared to Control

Continuous Daylight 

Autonomy 

(30fc at workplane)*

CONTROL

Top-Down Shades

Manual

% LIGHTING ENERGY 

SAVINGS**
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products. The savings from this case would be applicable for spaces where 

daylighting controls are already part of the existing baseline condition.  

A PG&E program designed to encourage daylighting savings in office/commercial buildings, 

is more likely to encounter a baseline condition with no photocontrols. Earlier studies have 

shown that penetration of daylighting controls is less than 1% in California office buildings7. 

Therefore, the savings from the first case represent a more likely scenario. 

The estimates provided here are for a 3,600 sf office space, which is the size of the host site 

office space with 8, 15’ x 7.5’ windows facing SW.  Since the study period covered approx. 

six month period from equinox to solstice, the solar angles for the remaining six months are 

expected to be identical. Thus, percentage savings from the six-month period could be 

extrapolated to an annual energy estimate here. 

 

                                                           

 
7 Saxena, Mudit. (Heschong Mahone Group). 2011. “Office Daylighting Potential”. California Energy Commission, 
Public Interest Energy Research. Publication Number: CEC‐500‐2013‐002 
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FIGURE 35: SAVINGS ESTIMATE FOR TOP-DOWN AUTOMATED SHADES 

Figure 35 shows energy, demand and utility bill savings calculated for the top-down 

automated shades system, based on the monitored data from the study.  

The terms used in the tables in Figure 35 are explained below: 

 Ltg. Energy Use: Lighting energy used by the lighting circuits in the study area. The 

total installed lighting wattage in the area was 1,860 Watts (1.86 kW). Assuming 

3000 hours per year of operation, the base un-controlled lighting energy use is (1.86 

x 3000) 5580 kWh. To estimate lighting energy use with daylighting (i.e. 

photocontrols), the continuous daylight autonomy calculated earlier was used as the 

basis, and so represents a theoretically perfect dimming lighting system.  

 Ltg. Coincident Peak Demand: This is the maximum load from the electric lighting 

during PG&E’s summer peak period of May 1st to October 31st on weekdays, 

between 12:00 pm and 6:00 pm, for a billing period. For this study, a calendar 

month was considered a billing period. The max kW of load imposed by the electric 

lighting was calculated for each month in the study period that fell within the 

summer peak definition (May and June). The max kW’s for each month were then 

averaged and that average reported in the table. 

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Energy 

Savings

Coincident 

Peak 

Demand 

Reduction

Utility Bill 

Savings***

kWh/yr kW kWh/yr kW kWh/yr kW $

10' from Window (Primary DZ) 5,580 1.86 695 1.15 4,885 0.71 $701

20' from Window (Secondary DZ) 5,580 1.86 2,268 1.61 3,312 0.25 $454

TOTAL 11,160 3.72 2,963 2.76 8,197 0.96 $1,155

Percent Ltg Savings (PDZ+SDZ) 73% 26% 72%

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Energy 

Savings

Coincident 

Peak 

Demand 

Reduction

Utility Bill 

Savings***

kWh/yr kW kWh/yr kW kWh/yr kW $

10' from Window (Primary DZ) 1,541 1.56 695 1.15 846 0.41 $148

20' from Window (Secondary DZ) 3,188 1.72 2,268 1.61 921 0.11 $130

TOTAL 4,729 3.28 2,963 2.76 1,766 0.52 $278

Percent Ltg Savings (PDZ+SDZ) 37% 16% 36%

All estiamtes for a 3,600 sf sidelit office area

* Using Continuous Daylight Autonomy (30fc at workplane equivalent of 20fc at ceiling plane)

** During  Peak Period (PG&E)  12PM to 6PM May 1st - Oct 31st

*** $0.13/kWh (Avg. PG&E Commercial Rate), and $15.52 per kW (Average for PG&E A-10 TOU and E19 Demand Charges)

SAVINGS ESTIMATE

Assuming Photocontrols 

in both Control and Study Cases

SAVINGS

STUDY

Top-Down Shades

Manual  

& PhotoCntrl

Top-Down Shades 

Automated 

& PhotoCntrl

CONTROL

SAVINGS ESTIMATE

Assuming Photocontrols 

in Study Case Only

STUDY

SAVINGS

Top-Down Shades

Manual

Top-Down Shades 

Automated 

& PhotoCntrl

CONTROL
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 Energy Savings: in kWh/yr. were calculated as the difference between lighting 

energy use of the control case and the study case.  

 Coincident Peak Demand Reduction: in kW was calculated as the difference 

between lighting coincident peak demand of the control case and the study case.  

 Utility Bill Savings: This is the dollar savings per year from both energy and 

demand charge. The energy rate of $0.13/kWh was calculated using a blended 

average of all small/medium commercial energy rates (summer and winter), namely 

A-1, A-1 TOU, A-6 TOU, A-10, A-10 TOU and E-19 TOU. The demand charge of 

$15.52/kW was calculated using the average of secondary, primary and transmission 

demand charges for the A-10 TOU and E-19 TOU rates. Source: 

http://www.pge.com/en/mybusiness/rates/tvp/toupricing.page?WT.mc_id=Adwords_

peak%20energy%20rates_b_c 

The savings tables calculate savings the primary daylit zone (PDZ) and secondary daylit 

zone (SDZ) separately, and the total savings are presented as the sum of the two.  

For the case with photocontrols present in only the study case, the savings amount to 73% 

lighting energy savings in the primary and secondary daylit zones with 8,197 kWh/yr. and a 

26% reduction in coincident peak demand with 0.96 kW of reduction per billing cycle. These 

translate to $1,155 per year of savings. The same for the case with photocontrols present in 

both the control and study case, amount to much lower savings all around. The energy 

savings were 37% with 1,766 kWh/yr. and coincident peak demand reduction was 16% with 

0.52 kW of reduction per billing cycle. These translate to savings of only $278 per year.  

SIMPLE PAYBACK CALCULATION 

Simple payback for the system was calculated using costs encountered for the purchase, 

installation and commissioning of the automated shade system for the study. However, 

because the system has substantial “one-time” costs of purchasing hardware such as roof-

mounted radiometers and installing and wiring the radiometers, and other internet 

connected components, it was considered more optimal to calculate payback across a range 

of project sizes. Larger projects (200-500 windows) – which are more typical installations 

per the manufacturer - were likely to have better payback, as the one-time costs are shared 

over savings from a larger number of windows. The study space installation was only for 

two windows, which is highly unlikely to be a real project size for such technology!  

Detailed costs were collected for a hypothetical project, which, for the purpose of this study 

was considered as the entire SE facing façade of the host site building, which was 246 

windows. This allowed us to scale up the project size, while keeping the orientation same 

made it possible to also scale the savings from the study, for the full façade.  These costs 

were carefully split into “one-time” costs, such as cost of Radiometers, wiring for 

Radiometers, other internet connected hardware etc., and “scalable” costs, such as cost of 

motors, shades and over-ride switches, and labor for wiring for data cables to motors, 

electric wiring to motors etc.  The one-time costs were considered only once for a project, 

while the scalable costs were scaled for various project sizes. The project sizes considered 

ranged from the smallest size with 8 windows representing the actual size of the study 

host’s office space, to 246 representing the full SE facing façade of the building, to 450 

windows, which represents a more typical large size project for this technology.  

Per unit cost of automated shades (for a single 7.5’ x 7.5’ window) - inclusive of all 

hardware, equipment and labor for a large project (246 windows or more) was about 

$1,150.  
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Cost of photocontrols was added in the case where the study case has photocontrols and 

the control case does not. The cost estimated for a dimming photocontrol system was 

$1,1808 for 21 fixtures, which included the cost of photocell, auxiliary equipment such as 

power packs, wiring and labor for installation and commissioning of the photocontrols. The 

cost of dimming ballasts that would need to replace static ballast was estimated at $7359 for 

21 fixtures. These costs were also scaled appropriately when considering larger or smaller 

project sizes. 

 

                                                           

 
8 Costs from 2013 Title 24 Daylighting CASE Final Report. California Energy Commission 
9 Costs from 2013 Title 24 Dimming Ballast CASE Final Report. California Energy Commission 
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FIGURE 36: SIMPLE PAYBACK TABLE FOR AUTOMATED SHADES TECHNOLOGY 

The table in Figure 36 shows the calculation of simple payback for a range of project sizes. 

The first table represents payback calculated assuming that the building does not have 

existing photocontrols, and that photocontrols as added along with the advanced daylighting 

blinds/shades technology. In the second table, the assumption is that photocontrols are 

One-Time 

Cost 

(by 

project)

Scalable 

Cost 

(by 

window)

Cost of 

Photocntrls 

and 

dimming 

ballasts Total Cost

8 23,044$       17,951$       1,915$         42,910$       1,155$         37

50 23,044$       112,194$     11,969$       147,207$     7,219$         20

100 23,044$       224,388$     23,938$       271,370$     14,437$       19

150 23,044$       336,582$     35,906$       395,532$     21,656$       18

200 23,044$       448,776$     47,875$       519,695$     28,875$       18

246 23,044$       551,995$     58,886$       633,925$     35,516$       18

300 23,044$       673,164$     71,813$       768,021$     43,312$       18

350 23,044$       785,358$     83,781$       892,184$     50,531$       18

400 23,044$       897,552$     95,750$       1,016,346$ 57,750$       18

450 23,044$       1,009,746$ 107,719$     1,140,509$ 64,968$       18

One-Time 

Cost 

(by 

project)

Scalable 

Cost 

(by 

window)

Cost of 

Photocntrls 

and 

dimming 

ballasts Total Cost

8 23,044$       17,951$       -$              40,995$       278$             147

50 23,044$       112,194$     -$              135,238$     1,738$         78

100 23,044$       224,388$     -$              247,432$     3,475$         71

150 23,044$       336,582$     -$              359,626$     5,213$         69

200 23,044$       448,776$     -$              471,820$     6,951$         68

246 23,044$       551,995$     -$              575,039$     8,549$         67

300 23,044$       673,164$     -$              696,208$     10,426$       67

350 23,044$       785,358$     -$              808,402$     12,164$       66

400 23,044$       897,552$     -$              920,596$     13,902$       66

450 23,044$       1,009,746$ -$              1,032,790$ 15,639$       66

* 1 window is 15' wide x 7.5' high and consists of two blind/shade units

SIMPLE 

PAYBACK 

(Years)

SAVINGS

SIMPLE 

PAYBACK 

(Years)

AUTOMATED SHADES 

Assuming  Existing 

Photocontrols 

Project Size 

(# of Windows)*

COSTS

AUTOMATED SHADES

Assuming No Existing 

Photocontrols 

Project Size 

(# of Windows)*

COSTS

SAVINGS
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already present and the savings are only from the addition of the advanced blinds/shades 

technology.  

A PG&E program designed to encourage daylighting savings in office/commercial buildings, 

is more likely to encounter a baseline condition with no photocontrols.  Thus going by the 

first table, we find that the simple payback is high for a small project (8 window), but 

rapidly decreases as the project size increases. A medium size project with 246 windows 

(the size of the entire SW façade of the host building), the payback is 18 yrs. Payback is 

about 18 years also for larger projects (up to 450 windows). This can be seen plotted on a 

graph in Figure 37 below. 

 

FIGURE 37: AUTOMATED SHADES SIMPLE PAYBACK PLOTTED AGAINST PROJECT SIZE 

From this, one can conclude that this technology is most cost effective for project sizes 

where at least 100 windows will be retrofit with automated shades. In addition, projects 

with less than 50 windows are likely see a substantially higher payback. 

BOTTOM-UP SHADES 

Similar to the automated shades, daylighting levels were measured for each of the study 

bays using illuminance sensors in transects located on the ceiling and workspace partitions, 

placed 5’, 10’, 15’, and 20’ from the window. Since bottom-up shades were in the same 

space (same host site) as the automated shades, the ceiling sensors were used instead of 

work plane sensors for the energy analysis. As explained earlier, the partition sensors 

proved inaccurate, as the influence of electric lighting could not be removed completely 

from them. 
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ILLUMINANCE TRANSECTS 

The figures below represent the average daylight levels of the ceiling transects 10’, 15’, and 

20’ from the window, for the entire study period (Feb-Jun) for the manual bottom-up 

shades (Bay 6) compared to its control, the manual top-down shade (Average of Bays 2 and 

8). 

 

 

FIGURE 38: DAILY AVERAGE (FEB-JUN) ILLUMINANCE PLOT MANUAL BOTTOM-UP VS. CONTROL - 10” FROM WINDOW 

Figure 38 represents the daily average illuminance plot of the control and manual bottom-

up shades for the four-month study period (February 2013 - June 2013) at 10’ from the 

window. The plot shows the daylight from bottom-up shade is very similar in illuminance to 

the average of the two control bays. During the morning hours daylighting in the bays with 

control shades (dotted line) have slightly lower illuminance compared to the bay with the 

manual bottom-up shades (solid line). In the late afternoon, the trend reverses, but only 

slightly. We do not see any significant increase in daylighting from the bottom-up shades 

over the control shades (dotted line) at this transect depth. 
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FIGURE 39: DAILY AVERAGE (FEB-JUN) ILLUMINANCE PLOT MANUAL BOTTOM-UP VS. CONTROL - 15’ FROM WINDOW 

Figure 39 represents the daily average illuminance plot of the control and manual bottom-

up shades for the four-month study period at 15’ from the window.  This plot also shows an 

overall increase in daylighting of up to 14 fc in the manual bottom-up shade over the 

manual top-down control.  The increase in daylighting is consistent throughout the hours of 

6 AM - 5:30 PM throughout the duration of the study period (Feb-Jun). 

Figure 39 and Figure 40 represents the daily average illuminance plots of the control and 

manual bottom-up shades at 15’ and 20’ from the window respectively.  Unlike the 

illuminance plot at 10’ from the window, the bottom-up shades are seen bringing in 

substantially more daylight (about 10 fc more) than the control windows, throughout the 

day. The same is seen in the 20’ distance transect position. While it is not very intuitive why 

the illuminance at 10’ distance from window is similar to the control windows and the 15’ 

and 20’ show a larger difference.  A possible reason may be that the bottom-up window 

being covered at the bottom portion, may be casting a shadow in the first 10’ from the 

covered lower portion of the window, which is seen as lower illuminance at the 10’ ceiling 

sensor. This may be a possible reason among other more direct reasons such as the sensor 

may be looking down at a dark part of the floor or desk. There may be others reasons, 

which we think are only part of the variation of an uncontrolled study like this. 
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FIGURE 40: DAILY AVERAGE (FEB-JUN) ILLUMINANCE PLOT MANUAL BOTTOM-UP VS. CONTROL - 20’ FROM WINDOW 
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FIGURE 41: DAILY AVERAGE (FEB-JUN) ILLUMINANCE PLOT MANUAL BOTTOM-UP SHADE VS. MANUAL TOP-DOWN SHADE 

(CONTROL) 

Figure 41  combines all three illuminance plots (10’, 15’, 20’) for the automated top-down 

vs. manual top-down (control) shades. The illuminance plots display a typical daylighting 

pattern; where daylighting levels are greatest closest the window and lesser farther back 

into the space away from the window.  

CONTINUOUS DAYLIGHT AUTONOMY 

Figure 42 below presents the calculated percentage cDA’s for the automated shades 

compared to the control with manual shades. The percent lighting energy savings column 

represents percent of time (percentage additional hours of the year) when electric lighting 

can be turned off due to the use of the advanced shades, compared to a base case with and 

without photocontrols in the Control case. Further explanation of cDA and its calculation are 

provided in Automated top-down Continuous Daylight Autonomy Section above. 
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FIGURE 42: CONTINUOUS DAYLIGHT AUTONOMY - MANUAL BOTTOM-UP VS. MANUAL TOP-DOWN SHADES 

Figure 42 shows lighting energy savings in the primary and secondary daylit zones was 

69.7% when assuming photocontrols in only study case, and 28.4% with photocontrols in 

both study and control cases. 

SAVINGS ESTIMATE FOR OTHER CLIMATES AND ORIENTATIONS 

Daylight autonomy calculated in the above table represents theoretical savings for only one 

building in one climate and a SE orientation. Using daylighting simulation, the lighting 

energy savings for bottom-up shades was calculated for five  California climate zones in the 

PG&E territory (Climate zones 3, 4, 5, 12 and 13), and four cardinal orientations (N, S, E 

and W). 

To compare the performance of the bottom-up shades to manually operated shades, all four 

types of manual occupant blinds/shades operation schedules, described in more detail 

earlier, were modeled individually. Namely: 

 Active Occupant 

 Seasonal Occupant 

 Non-Active Occupant (Open) 

 Non-Active Occupant (Closed) 

Our field study showed that occupants preferred to keep the bottom-up shades in only one 

position (mostly open) throughout the study, bottom-up shades were modeled as non-

active (open) schedule.  

The table in Figure 34 gives the calculated cDA values from the daylighting simulations. The 

results below are average for all four orientations, and the average of cDA calculated for 

primary and secondary daylit zones.  

 

cDA

CONTROL

cDA

STUDY

Top-Down 

Shades

Bottom-Up 

Shades

Manual Manual

10' from Window (PDZ) 72.4% 80.3% 80.3% 28.7%

20' from Window (SDZ) 42.9% 59.0% 59.0% 28.2%

Ltg Savings (PDZ+SDZ) 69.7% 28.4%

* cDA calculated using weekdays between 8AM - 6PM and 30 fc on workplane equivalent threshold

Continuous Daylight Autonomy 

cDA* (30fc at workplane)

% LIGHTING ENERGY 

SAVINGS

Photocntrls in 

STUDY only 

Photocntrols 

in CONTROL 

and STUDY
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FIGURE 43: CONTINUOUS DAYLIGHT AUTONOMY FOR FIVE CALIFORNIA CLIMATE ZONES 

Across all climate zones, the trend was similar. The ‘Non-active (closed)’ operation schedule 

had the lowest cDA values, as in this schedule the shades were closed at all times. The 

‘Non-active (open)’ operation schedule had the highest cDA values, as the shades here were 

open at all time. These two provide the upper and lower bounds of potential savings. 

‘Active’ and ‘Seasonal’ schedules had savings that lie between these two bounds. The 

‘Bottom-up shades’ had saving the same as the upper bound from the ‘Non-active (open)’ 

case.  

The ‘% Additional Daylighting Savings’ were calculated as: 

The difference of the lighting energy use from automated shades and  

a. The worst case of the manual shade cases,  

b. The best case of the manual shade cases,  

c. The average of all four manual shade cases.  

The ‘Range’ in the table represents (a) and (b), while the ‘Average’ represents (c). 

On average, the additional savings from bottom-up shades range from 35% to 37%. At a 

maximum, they can save up to 47% more lighting energy, compared to the most 

pessimistic assumption of manual blinds/shades operation. 

ENERGY AND DEMAND SAVINGS ESTIMATE 

Energy and demand as well as utility bill savings estimates are provided in the section with 

two separate assumptions.  

1. Assuming photocontrols are only in the study case: Here the savings come 

from the addition of photocontrols and the advanced blinds/shades. This case 

represents a more typical situation in most office/commercial buildings, where 

daylighting controls have not been installed. This case also represents a common 

baseline for all three technologies in this study. 

2. Assuming photocontrols are in both control and study cases: Here the savings 

can be attributed to the additional daylight provided by the advanced blinds/shades 

products. The savings from this case would be applicable for spaces where 

daylighting controls are already part of the existing baseline condition. 

A PG&E program designed to encourage daylighting savings in office/commercial buildings, 

is more likely to encounter a baseline condition with no photocontrols. Earlier studies have 

STUDY

California Climate Zones

Non-Active 

(Closed) Active Seasonal

Non-Active 

(Open) Range Average

CZ 3 53% 57% 61% 75% 75% 0% to 46% 35%

CZ 4 55% 55% 62% 76% 76% 0% to 47% 37%

CZ 5 54% 56% 62% 76% 76% 0% to 47% 36%

CZ 12 54% 56% 61% 75% 75% 0% to 46% 35%

CZ 13 55% 56% 63% 76% 76% 0% to 47% 37%

* Average for primary and secondary daylit zones, and average for N, S, E, and W orientations

** % Ltg Energy Savings is l ighting energy use in Study compared to Control

Continuous Daylight 

Autonomy 

(30fc at workplane)*

CONTROL

% LIGHTING ENERGY 

SAVINGS**

Top-Down Shades

Manual

Bottom-Up 

Shades
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shown that penetration of daylighting controls is less than 1% in California office buildings. 

Therefore, the savings from the first case represent a more likely scenario. 

The estimates provided here are for a 3,600 sf office space, which is the size of the host site 

office space with 8, 15’ x 7.5’ windows facing SW.  Since the study period covered approx. 

six month period from equinox to solstice, the solar angles for the remaining six months are 

expected to be identical. Thus, percentage savings from the six-month period could be 

extrapolated to an annual energy estimate here. 

 

FIGURE 44: SAVINGS ESTIMATE FOR MANUAL BOTTOM-UP SHADES 

Figure 44 shows energy, demand and utility bill savings calculated for the bottom-up 

manual shades system, based on the monitored data from the study. The terms used in the 

tables are explained earlier in the Automated top-down Section above. 

For the case with photocontrols present in only the study case, the savings amount to 70% 

lighting energy savings in the primary and secondary daylit zones with 7,774 kWh/yr. and a 

26% reduction in coincident peak demand with 0.96 kW of reduction per billing cycle. These 

translate to $1,100 per year of savings. The same for the case with photocontrols present in 

both the control and study case, amount to much lower savings all round. The energy 

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Energy 

Savings

Coincident 

Peak 

Demand 

Reduction

Utility Bill 

Savings***

kWh/yr kW kWh/yr kW kWh/yr kW $

10' from Window (Primary DZ) 5,580 1.86 1,098 1.15 4,482 0.71 $649

20' from Window (Secondary DZ) 5,580 1.86 2,289 1.61 3,291 0.25 $451

TOTAL 11,160 3.72 3,386 2.76 7,774 0.96 $1,100

Percent Ltg Savings (PDZ+SDZ) 70% 26% 68%

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Energy 

Savings

Coincident 

Peak 

Demand 

Reduction

Utility Bill 

Savings***

kWh/yr kW kWh/yr kW kWh/yr kW $

10' from Window (Primary DZ) 1,541 1.36 1,098 1.15 443 0.21 $77

20' from Window (Secondary DZ) 3,188 1.56 2,289 1.61 900 -0.05 $112

TOTAL 4,729 2.92 3,386 2.76 1,343 0.16 $189

Percent Ltg Savings (PDZ+SDZ) 28% 5% 27%

All estiamtes for a 3,600 sf sidelit office area

* Using Continuous Daylight Autonomy (30fc at workplane equivalent of 20fc at ceiling plane)

** During  Peak Period (PG&E)  12PM to 6PM May 1st - Oct 31st

*** $0.13/kWh (Avg. PG&E Commercial Rate), and $15.52 per kW (Average for PG&E A-10 TOU and E19 Demand Charges)

SAVINGS

Top-Down Shades

Manual

Bottom-Up Shades 

Manual 

& PhotoCntrls

SAVINGS ESTIMATE

Assuming Photocontrols 

in Study Case Only

STUDYCONTROL

STUDY

SAVINGS

Bottom-Up Shades 

Manual 

& PhotoCntrl

CONTROL

SAVINGS ESTIMATE

Assuming Photocontrols 

in both Control and Study Cases Top-Down Shades

Manual 

& PhotoCntrl
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savings were 28% with 1,343 kWh/yr. and coincident peak demand reduction was 5% with 

0.16 kW of reduction per billing cycle. These translate to savings of only $189 per year.  

SIMPLE PAYBACK CALCULATION 

Simple payback for the system was calculated using costs encountered for the purchase and 

installation of the bottom-up shade system. The costs for two windows were scaled up to 

eight windows to represent the entire office space of the host site, to simplify the certain 

calculations. Unlike the automated shades, the manual bottom up shade have no “one-time” 

costs, and so the costs and savings scale up linearly. For this reason, we did not calculate 

payback for multiple project sizes.  

Per unit cost of bottom-up shades (for a single 7.5’ x 7.5’ window) - inclusive of all 

hardware, equipment and labor was about $425.  

The costs totaled $6,800. Of this, roughly 80% was the cost of hardware i.e. shades and 

track mechanism, and 20% was the cost of installation. Cost of photocontrols was included 

in the case where the study case has photocontrols and the control case does not. The cost 

estimated for a dimming system was $1,18010, which included the cost of photocell, 

auxiliary equipment, wiring and labor for installation and commissioning. The cost of 

dimming ballasts that would need to replace static ballast was estimated at $73511. 

 

 

FIGURE 45: SIMPLE PAYBACK TABLE FOR BOTTOM-UP SHADES 

The simple payback of a daylighting retrofit for similar office-type building, with bottom-up 

manual shades and photocontrols, was found to be 8 yrs. This scenario assumes the space 

had no photocontrols as the baseline condition. The simple payback, when photocontrols are 

already present was 36 yrs. The payback in this case was higher, because just the addition 

of the advanced shades only provides incremental savings above savings from daylighting 

already in the baseline conditions.  

Like with the automated shades system, here also a comprehensive daylighting retrofit with 

photocontrols and advanced shades offers the best potential for a PG&E incentive program, 

to realize daylighting savings from retrofitting existing office and other commercial 

buildings. 

                                                           

 
10 Costs from 2013 Title 24 Daylighting CASE Final Report. California Energy Commission 
11 Costs from 2013 Title 24 Dimming Ballast CASE Final Report. California Energy Commission 

Project Size 

(# of 

Windows)*

Scalable 

Cost 

(by 

window)

Cost of 

Photocntrls 

and 

dimming 

ballasts Total Cost

Assuming No Existing Photocontrols 8 6,800$         1,915$         8,715$         1,100$         8

Assuming Existing Photocontrols 8 6,800$         -$              6,800$         189$             36

* 1 window is 15' wide x 7.5' high and consists of two blind/shade units

BOTTOM-UP SHADES

COSTS

SAVINGS

SIMPLE 

PAYBACK 

(Years)
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SPLIT INVERTED BLINDS 

Similar to the advanced shades, daylighting levels were measured for each of the study 

bays using illuminance sensors in transects located on the ceiling and workspace partitions, 

placed 0’, 5’, 10’, and 15’ from the window. Ceiling and partition sensors were located 

directly in the center of the window bay.  Data from both ceiling and work plane partitions 

transects was analyzed to determine the impact of daylighting in the space.  The work plane 

sensors captured the impact of daylighting in the space most effectively; whereas, the 

ceiling sensors displayed inconsistent illuminance readings.  

Importantly, the control case for the split-inverted blinds was perforated mini-blinds. This 

was the baseline condition of the host site, and could not be changed. The perforations in 

the min-blinds allowed a significant amount of daylight into the space, even when the blinds 

were closed. This meant that the split-blinds technology would be compared against a 

system that also provided a benefit of added daylight in the closed condition. The split 

blinds were opaque with no perorations. While this was not an ideal situation for our study, 

we could not change the baseline conditions for the occupants.  

ILLUMINANCE TRANSECTS 

The figures below represent the average daylight levels of the work plane transects 5’, 10’, 

and 15’ from the window for three time periods: the entire study period (Mar-Jun), a one 

month period where the blind slats are mostly open, and a one week period where the blind 

slats are mostly closed in all study bays for the manual split-inverted blinds (Average of 

Bays 4 and 5) compared to its control, the manual perforated blinds (Average of Bays 2 and 

8). 
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FIGURE 46: AVERAGE (MAR-JUNE) 24-HR PARTITION  ILLUMINANCE PLOTS - 5’, 10’, 15’ FROM WINDOW - SPLIT-INVERTED 

(SOLID) VS. CONTROL (DOTTED) 

Figure 46 represents the daily average illuminance plot of the control and manual split-

inverted blinds for the four-month study period (February 2013 - June 2013) at 5’, 10’, and 

15’ from the window. The plot shows that throughout the day daylighting in the bays with 

control shades (dotted line) have nearly the same illuminance as the bays with split-

inverted (solid line).  However, there is a small advantage in increased daylighting levels 

from the split-inverted (solid line) over the control (dotted line) 5’ from the window from 

approximately 10 AM - 12 PM.  This indicates the top split-inverted portion of the blinds are 

allowing in more daylighting during these hours.  With daylighting, split-inverted blinds it is 

expected a similar increase in daylighting levels would also occur at 10’ and 15’ from the 

window; however, this is not the case, as seen in the figure above.   

As discussed above, the occupants in bays with the split-inverted blinds were a mix of non-

active and seasonal users; leaving their blinds open or closed for extended periods.  While 

the occupants in the control (perforated) blinds bays were a mix of active and non-active 

users.  This indicates the control (perforated) blinds, even with a mix of active and non-

active users, provided the same amount of illuminance in the space as the split-inverted 

blinds with mostly non-active and seasonal users.    

While the daylighting levels in the space over the four month study period (February-June) 

are identical in both the split-inverted and control bays, differences in daylighting levels are 

noticeable during the following time periods: a one month period where the blind slats are 

mostly open, and a one week period where the blind slats are mostly closed in all study 

bays.  These two time periods are discussed below. 
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FIGURE 47: ONE MONTH 24-HR AVERAGE  PARTITION  ILLUMINANCE PLOTS - BLINDS MOSTLY OPEN - 5’, 10’, 15’ FROM 

WINDOW - SPLIT-INVERTED (SOLID) VS. CONTROL (DOTTED)  

Figure 47 represents a one month 24-hour average when all the blinds (split-inverted and 

control) in the study space are mostly open. In this open state the upper clerestory portion 

of the blinds are at an angle to redirect light towards the ceiling, which allows more daylit 

into the space. Overall, the split-inverted blinds (solid line) had increased illuminance levels 

over the control blinds (dotted line).  During the morning hours daylighting in the bays with 

control blinds (dotted line) have lower illuminance compared to the bay with the split-

inverted blinds (solid line).  This increase in illuminance ranges from up to 9 fc - 15’ from 

the window to 35 fc - 5’ from the window. In the afternoon, the trend is similar, but with 

only slightly increased illuminance in the bay with the split-inverted compared to the control 

blinds. 
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FIGURE 48: ONE WEEK  24-HR AVERAGE  PARTITION  ILLUMINANCE PLOTS - BLINDS MOSTLY CLOSED  - 5’, 10’, 15’ FROM 

WINDOW - SPLIT-INVERTED (SOLID) VS. CONTROL (DOTTED) 

Figure 48 represents a one week (in June) 24-hour average daylighting illuminance plot of 

the split-inverted blinds (solid line) compared to the control blinds (dotted line) for a period 

when the slats are mostly closed.  The sensor 5’ from the window shows an increase of up 

to 12 fc during the morning hours and an increase of up to 9 fc during the late afternoon 

hours.  However, at 10’ and 15’ from the window illuminance levels are similar throughout 

the day when the blinds are mostly closed.  This indicates the split-inverted blinds are 

allowing more daylighting into the space 5’ from the window when mostly closed; however, 

the blinds are not able to disperse the daylighting farther into the space.  This indicates the 

control (perforated) blinds, even when closed, are allowing in the same amount of daylight 

as the split-inverted blinds 10’ and 15’ from the window.     

CONTINUOUS DAYLIGHT AUTONOMY  

Figure 49 below presents the calculated percentage cDA’s for the automated shades 

compared to the control with manual shades. The percent lighting energy savings column 

represents percent of time (percentage additional hours of the year) when daylight can be 

turned off due to the use of the advanced shades, compared to a base case with and 

without photocontrols in the Control case. Further explanation of cDA and its calculation are 

provided in Automated top-down Continuous Daylight Autonomy Section above. 
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FIGURE 49: CONTINUOUS DAYLIGHT AUTONOMY - MANUAL SPLIT-INVERTED VS. MANUAL PERFORATED BLINDS 

Figure 49 shows lighting energy savings in the primary and secondary daylit zones was 

71.1% when assuming photocontrols in only study case, and 11.5% less than the control 

which has perforated blinds. It should be noted that perforated blinds allow a significant 

amount of daylight in when closed, and are seen here to provide slightly more daylight than 

the split-inverted blinds in the study period.  

A more fair comparison can be made looking at savings with photocontrols in only the study 

case across all three technologies. In this comparison, the baseline is no photocontrols, so 

the impact of perforated blinds in the control case is nullified. Percent lighting energy 

savings assuming photocontrols in only the study case, from split-inverted blinds (Figure 

49) is 71.1%, from automated shades (Figure 33) is 73.4% and bottom-up shades (Figure 

42) is 69.7%. Here we see that all three technologies are providing very comparable 

savings when considered against the same base case. 

SAVINGS ESTIMATE FOR OTHER CLIMATES AND ORIENTATIONS 

Daylight autonomy calculated in the above table represents theoretical savings for only one 

building in one climate and a SE orientation. Using daylighting simulation, the lighting 

energy savings for split-inverted blinds was calculated for five California climate zones in the 

PG&E territory (Climate zones 3, 4, 5, 12 and 13), and four cardinal orientations (N, S, E 

and W). 

To compare the performance of the split-inverted blinds to manually operated 

blinds/shades, all four types of manual occupant blinds/shades operation schedules, 

described in more detail earlier, were modeled individually. Namely: 

 Active Occupant 

 Seasonal Occupant 

 Non-Active Occupant (Open) 

 Non-Active Occupant (Closed) 

To model split blinds, we used the Window 6 software from LBNL to model the shape and 

geometry of the blinds. From this the overall visible transmissivity of the blinds at an open 

(4 deg. / 39 deg. slat angles) and a closed (49 deg. / 84 deg. slat angles) condition were 

calculated. The upper portion of the window was modeled separately from the lower. The 

angles were fixed at the following values for the open and closed blinds conditions, based on 

observed angles in the field study.  

 

cDA

CONTROL

cDA

STUDY

Perforated 

Blinds

Split-Inverted 

Blinds 

Manual Manual

5' from Window (PDZ) 86.6% 84.9% 84.9% -12.3%

15' from Window (SDZ) 61.6% 57.3% 57.3% -11.2%

Ltg Savings (PDZ+SDZ) 71.1% -11.5%

* cDA calculated using weekdays between 8AM - 6PM and 30 fc on workplane  threshold

Continuous Daylight Autonomy 

cDA* (30fc at workplane)

% LIGHTING ENERGY 

SAVINGS

Photocntrls in 

STUDY only 

Photocntrols 

in CONTROL 

and STUDY
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FIGURE 50: SPLIT-INVERTED BLINDS SLAT ANGELS AND VISIBLE TRANSMITTANCE 

Our field study showed that occupants preferred to operate the split-inverted blinds in a 

seasonal occupant pattern, so the split-inverted blinds were modeled with a seasonal 

occupant operation schedule in which the lower blinds were kept closed during the winter 

months i.e. September through April, and open for the rest of the year.  

The table in Figure 34 gives the calculated cDA values from the daylighting simulations. The 

results below are average for all four orientations, and the average of cDA calculated for 

primary and secondary daylit zones.  

 

 

FIGURE 51: CONTINUOUS DAYLIGHT AUTONOMY FOR FIVE CALIFORNIA CLIMATE ZONES 

Across all climate zones, the trend was similar. The ‘Non-active (closed)’ operation schedule 

had the lowest cDA values, as in this schedule the blinds/shades were closed at all times. 

The ‘Non-active (open)’ operation schedule had the highest cDA values, as the 

blinds/shades here were open at all time. These two provide the upper and lower bounds of 

potential savings. ‘Active’ and ‘Seasonal’ schedules had savings that lie between these two 

bounds. The ‘Split-Inverted Blinds’ had saving between the ‘Seasonal’ and ‘Non-Active 

(Open)’ cases. Since the split-inverted blinds were modeled with a ‘Seasonal Occupant’, it is 

interesting to note that the savings were consistently higher by about 5%-6% than a typical 

blind/shade operated by a ‘Seasonal Occupant’.  

The ‘% Additional Daylighting Savings’ were calculated as: 

The difference of the lighting energy use from automated shades and  

a. The worst case of the manual shade cases,  

b. The best case of the manual shade cases,  

c. The average of all four manual shade cases.  

The ‘Range’ in the table represents (a) and (b), while the ‘Average’ represents (c). 

Slate 

Angle

Visible 

Trans.

Slate 

Angle

Visible 

Trans.

Upper Blinds 4 deg 0.9 49 deg 0.175

Lower Blinds 39 deg 0.335 84 deg 0.03

Blinds OPEN

State

Blinds CLOSED

State

STUDY

California Climate Zones

Non-Active 

(Closed) Active Seasonal

Non-Active 

(Open) Range Average

CZ 3 53% 57% 61% 75% 66% -34% to 28% 12%

CZ 4 55% 55% 62% 76% 68% -34% to 29% 15%

CZ 5 54% 56% 62% 76% 67% -36% to 28% 13%

CZ 12 54% 56% 61% 75% 67% -34% to 27% 13%

CZ 13 55% 56% 63% 76% 68% -35% to 29% 15%

* Average for primary and secondary daylit zones, and average for N, S, E, and W orientations

** % Ltg Energy Savings is l ighting energy use in Study compared to Control

Continuous Daylight 

Autonomy 

(30fc at workplane)*

CONTROL

% LIGHTING ENERGY 

SAVINGS**

Top-Down Shades

Manual Split-

Inverted 

Blinds
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On average, the additional savings from split-inverted blinds range from 12% to 15%. At a 

maximum they can save up to 29% more lighting energy, compared to the most pessimistic 

assumption of manual blinds/shades operation, and at a minimum there can be up to 36% 

lesser energy savings compared to the most optimistic assumption of manual blinds/shades 

operation. 

ENERGY AND DEMAND SAVINGS ESTIMATE 

Energy and demand as well as utility bill savings estimates are provided in the section with 

two separate assumptions.  

1. Assuming photocontrols are only in the study case: Here the savings come 

from the addition of photocontrols and the advanced blinds/shades. This case 

represents a more typical situation in most office/commercial buildings, where 

daylighting controls have not been installed. This case also represents a common 

baseline for all three technologies in this study. 

2. Assuming photocontrols are in both control and study cases: Here the savings 

can be attributed to the additional daylight provided by the advanced blinds/shades 

products. The savings from this case would be applicable for spaces where 

daylighting controls are already part of the existing baseline condition.  

A PG&E program designed to encourage daylighting savings in office/commercial buildings, 

is more likely to encounter a baseline condition with no photocontrols. Earlier studies have 

shown that penetration of daylighting controls is less than 1% in California office buildings. 

Therefore, the savings from the second case represent a more likely scenario. 

The estimates provided here are for a 3,600 sf office space, which is the size of the host site 

office space with eight, 15’ x 7.5’ windows facing SW.  Since the study period covered 

approx. six month period from equinox to solstice, the solar angles for the remaining six 

months are expected to be identical. Thus, percentage savings from the six-month period 

could be extrapolated to an annual energy estimate here. 
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FIGURE 52: SAVINGS ESTIMATE FOR MANUAL SPLIT-INVERTED BLINDS 

Figure 52 shows energy, demand and utility bill savings calculated for the split-inverted 

manual blinds system, based on the monitored data from the study. The terms used in the 

tables are explained earlier in the Automated top-down Section above. 

For the case with photocontrols present in only the study case, the savings amount to 71% 

lighting energy savings in the primary and secondary daylit zones with 7,934 kWh/yr. and a 

32% reduction in coincident peak demand with 1.19 kW of reduction per billing cycle. These 

translate to $1,142 per year of savings. The same for the case with photocontrols present in 

both the control and study case, amount to much lower savings all round, in fact the 

savings are negative meaning the control case of perforated mini-blinds is savings more 

energy than the split-inverted blinds. However, as explained earlier, this mainly indicates 

that the perforated blinds are allowing as much daylight (slightly more) than the split-

inverted blinds.  

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Energy 

Savings

Coincident 

Peak 

Demand 

Reduction

Utility Bill 

Savings***

kWh/yr kW kWh/yr kW kWh/yr kW $

10' from Window (Primary DZ) 5,580 1.86 841 0.92 4,739 0.94 $704

20' from Window (Secondary DZ) 5,580 1.86 2,385 1.61 3,195 0.25 $439

TOTAL 11,160 3.72 3,226 2.53 7,934 1.19 $1,142

Percent Ltg Savings (PDZ+SDZ) 71% 32% 70%

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Ltg. Energy 

Use*

Ltg. 

Coincident 

Peak 

Demand**

Energy 

Savings

Coincident 

Peak 

Demand 

Reduction

Utility Bill 

Savings***

kWh/yr kW kWh/yr kW kWh/yr kW $

10' from Window (Primary DZ) 749 1.02 841 0.92 -92 0.10 -$3

20' from Window (Secondary DZ) 2,144 1.63 2,385 1.61 -241 0.02 -$29

TOTAL 2,893 2.65 3,226 2.53 -333 0.12 -$32

Percent Ltg Savings (PDZ+SDZ) -12% 5% -10%

All estiamtes for a 3,600 sf sidelit office area

* Using Continuous Daylight Autonomy (30fc at workplane equivalent of 20fc at ceiling plane)

** During  Peak Period (PG&E)  12PM to 6PM May 1st - Oct 31st

*** $0.13/kWh (Avg. PG&E Commercial Rate), and $15.52 per kW (Average for PG&E A-10 TOU and E19 Demand Charges)

SAVINGS ESTIMATE

Assuming Photocontrols 

in both Control and Study Cases

CONTROL STUDY

SAVINGS

Perforated Blinds

Manual 

& PhotoCntrl

Split Inverted Blinds 

Manual 

& PhotoCntrl

SAVINGS

Perforated Blinds

Manual

Split Inverted Blinds 

Manual 

& PhotoCntrls

SAVINGS ESTIMATE

Assuming Photocontrols 

in Study Case Only

STUDYCONTROL
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SIMPLE PAYBACK CALCULATION 

Simple payback for the system was calculated using costs encountered for the purchase and 

installation of the split-inverted blinds system. The costs for two windows were scaled up to 

eight windows to represent the entire office space of the host site, to simplify the certain 

calculations. Unlike the automated shades, the split-inverted blinds have no “one-time” 

costs, and so the costs and savings scale up linearly. For this reason, we did not calculate 

payback for multiple project sizes. 

Per unit cost of split-inverted blinds (for a single 7.5’ x 7.5’ window) - inclusive of all 

hardware, equipment and labor was about $1,500.  

The costs totaled $24,200. Of this, roughly 90% was the cost of hardware i.e. blinds and 

header and 10% was the cost of installation. Cost of photocontrols was included in the case 

where the study case has photocontrols and the control case does not. The cost estimated 

for a dimming system was $1,18012, which included the cost of photocell, auxiliary 

equipment, wiring and labor for installation and commissioning. The cost of dimming 

ballasts that would need to replace static ballast was estimated at $73513. 

 

FIGURE 53: SIMPLE PAYBACK TABLE FOR BOTTOM-UP SHADES 

The simple payback of a daylighting retrofit for similar office-type building, with manual 

split-inverted blinds and photocontrols, was found to be 23 yrs. This scenario assumes the 

space had no photocontrols as the baseline condition. The simple payback, when 

photocontrols are already present could not be calculated because the savings in this case 

were negative – for reasons explained earlier.   

OCCUPANT ACCEPTANCE 
Occupant acceptance for each of the three advanced blinds/shades technologies was 

assessed using surveys administered to the occupants. The survey results showed that the 

automated top-down shade had overall high levels of occupant acceptance. The occupants 

indicated that they were neutral to satisfied with the split-inverted blinds. They had specific 

issues with the workings of the manual bottom-up shade, so its level of occupant 

acceptance was neutral to low. 

                                                           

 
12 Costs from 2013 Title 24 Daylighting CASE Final Report. California Energy Commission 
13 Costs from 2013 Title 24 Dimming Ballast CASE Final Report. California Energy Commission 

Project Size 

(# of 

Windows)

Scalable 

Cost 

(by 

window)

Cost of 

Photocntrls 

and 

dimming 

ballasts Total Cost

Assuming No Existing Photocontrols 8 24,200$       1,915$         26,115$       1,142$         23

Assuming Existing Photocontrols 8 24,200$       -$              24,200$       (32)$              n/a

* 1 window is 15' wide x 7.5' high and consists of two blind/shade units

SPLIT-INVERTED BLINDS

COSTS

SAVINGS

SIMPLE 

PAYBACK 

(Years)
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SURVEY RESULTS  

The surveys were a page-long and consisted of 10 questions in six categories. They were 

administered to the occupants before the installation of the advanced blinds/shades to 

collect the “control” responses, and then after the installation to collect responses for each 

technology and add to the “control” responses. Reponses from occupants located near each 

technology and the control window shades were analyzed separately and are reported here. 

The six categories of questions were: 

 Temperature 

 View 

 Blinds/Shades Operation 

 Glare 

 Electric Lighting 

 Daylighting 

Each question’s response was on a Likert-scale of 1-9, with one being they strongly 

disagreed to the statement and nine being they strongly agreed to the statement, 5 was 

neutral. The survey also provided a chance for the occupants to provide more descriptive 

responses to questions on thermal and visual conditions as well as a space to add additional 

comments. The full survey questionnaire has been provided in the appendix of this report. 

Results comparing responses of occupants near control windows to those near advanced 

technology windows from four main categories of questions are provided below. Results for 

the rest of the categories are provided in the appendix. The questions were crafted such 

that lower scores meant reporting a “problem” and higher scores meant reporting 

“satisfaction”. For ease of analysis, the responses were grouped into three categories: 

 Responses between 7-9 on the Likert scale were categorized as “Agree” 

 Responses between 4-6 on the Likert scale were categorized as “Neutral” 

 Responses between 1-3 on the Likert scale were categorized as “Disagree” 

The tables in Figure 54 to Figure 57 show the percent responses for every question in each 

category from occupants near control windows, automated shades, bottom-up shades and 

split-inverted blinds. 
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DAYLIGHTING 

 

FIGURE 54: SURVEY RESULTS FOR DAYLIGHTING  QUESTIONS 

In response to the questions on daylight sufficiency, the responses from occupants near 

automated shades windows deviated the most towards positive (i.e. agreement), from 

responses from occupants near control windows.  

 All occupants with automated shades reported they were easily able to work with 

SOME of the lights turned off, while those with bottom-up shades and split-inverted 

blinds agreed to a lesser extent.   

 Occupants were less convinced they can work with ALL electric lights turned off with 

all three technologies.  

 On the question if the daylight was always sufficient, the responses deviated slightly 

towards positive (agreement), compared to control windows for automated shades.  

GLARE 

 

FIGURE 55: SURVEY RESULTS FOR GLARE  QUESTIONS 

In response to the question on glare, the responses from occupants near bottom-up shade 

windows and automated shades deviated the towards positive (i.e. agreement), from 

responses from occupants near control windows. Some occupants near split-inverted blinds 

reported glare problems.  

 All occupants near bottom-up shades and automated shades “agreed” they were 

easily able to work without glare or troubling reflections or were “neutral”. About 

1/3rd the occupants near split-inverted blinds reported they had a problem with 

glare.   
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Q2
I can work happily in this room with 

ALL of the electric l ights turned off
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Q3
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The problem of glare reported by occupants near split-inverted blinds was explained by 

occupants as the momentary shot of light that came through the edge of the blind 

assembly. This was caused by the blinds installation flush-mounted to the window reveal, 

instead of being inset, as would be the case in most typical installations. Flush-mounting 

was done to retain the old blinds system for the duration of the study, thus we do not 

expect this to be an issue with any real installation of the split-inverted blinds.  

BLINDS/SHADES OPERATION 

 

FIGURE 56: SURVEY RESULTS FOR BLINDS/SHADES OPERATION  QUESTIONS 

In response to the questions on ease of blinds/shades operation, the responses from 

occupants near automated shades windows deviated the most towards positive, from 

responses from occupants near control windows. The occupants with the bottom-up shades 

indicated they had problems with the way the shades operated.  

 All occupants with bottom-up shades reported either a problem or a neutral response 

to the question of ease of blinds/shades operation, which was a clear deviation from 

the control window response. 1/3rd the occupants with split-inverted blinds indicated 

that some problems with the operation, the rest were neutral or had not problems. 

VIEW 

 

FIGURE 57: SURVEY RESULTS FOR VIEW  QUESTIONS 

In response to the questions on view, occupants near automated and bottom-up shades 

maintained a high rating, indicating they did not lose their view that they very much liked, 

which is evident from the responses of occupants with control window. The occupants near 
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Q1 I like the view I have from the window 94% 6% 0% 100% 0% 0% 100% 0% 0% 33% 67% 0%

Q2
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dark*
23% 15% 63% 100% 0% 0% 33% 67% 0% 33% 67% 0%

* Question reversed from origial here to make scoring comparable to other questions

Split-Inverted 

BlindsControl

Bottom-up 

Shades

Survey Results for 

View Questions
Autoamted 

Shades



 

 75 

PG&E’s Emerging Technologies Program ET11PGE1042 

split-inverted blinds, however indicated a lower rating, showing that they no longer had the 

same view they lined, with that technology installed.  

 All occupants with automated and bottom up shades reported they rated their view 

the same as the occupants near controls windows. Split-inverted blinds rated their 

view lower (i.e. showing disagreement), indicating they were less satisfied with the 

view when the technology installed 

 Occupants with the automates shades indicated that the view did not get any darker 

with the technology installed, which is a deviation from the control window 

responses. The bottom-up and split-inverted blinds had more of less same responses 

to this question, compared to the control windows.   
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EVALUATIONS 
Advanced blinds and shades do not directly save energy or reduce demand, but enable 

higher and more persistent savings from a photocontrol retrofit. The results of our field 

assessments show that all three types of advanced blinds/shades technologies tested were 

capable of providing higher daylighting savings (both energy and demand) - when 

compared to a reasonable base case of manually operated blinds/shades. The assessment 

also showed that the savings were more persistent and could be more reliably predicted 

with advanced blinds/shades. 

Blinds and shades also directly impact the immediate visual condition of a space and affect 

the occupant’s visual comfort with variables such as view, daylight, glare, etc. Our occupant 

surveys show that occupants were highly sensitive to changes in these visual conditions. 

The surveys showed a range of satisfaction for the three products tested.  

 The occupants reported the highest level of satisfaction with the automated shades. 

The occupants generally liked the automated operation and the daylight availability 

and had very little, if any overrides. They also had no complaints about glare or loss 

of view.  

 Occupants indicated a specific problem with the mechanical manual operation of 

bottom up shades, which resulted in occupants not operating them much during the 

study period. However, the occupants were generally satisfied with daylight 

availability, and did not report any issues of glare or discomfort with the bottom-up 

shades.  

 Occupants that received the split-inverted blinds reported some issues of glare and 

dissatisfaction with loss of view. The glare issues were traced to an installation issue 

on-site, which is unlikely to be a problem in most installations. Their dissatisfaction 

with the loss of view was because they were comparing their experience with the 

control (base case), which were perforated blinds. The perforations in these blinds 

allowed a view out, even when drawn and closed, which was lost with the opaque 

slats of the split-inverted blinds.  

Energy savings estimates from the field assessment and daylighting simulations showed 

that the daylit zone lighting energy savings could be increased between 28% to 37% and 

demand reduction between 5% to 16% with the advanced blinds/shades, when compared to 

a base case with photocontrols. When compared to a base case without photocontrols, the 

daylit zone lighting energy savings could be as high as 70% to 73%, and demand reduction 

as high as 26% to 32%. However, these savings are for lighting in ‘daylit zones’ only. 

Depending on building geometry and percent floor area in daylit zones, the ‘whole building’ 

lighting energy and demand savings will be different. 

To estimate energy and demand reduction for an average California medium size office 

building, we used a simple rectangular building footprint with a 1.5 aspect ratio geometry, 

53,000 sf total area and three floors14.  Energy use intensities and lighting peak demand for 

the building were estimated from the Office segment of the California Commercial End Use 

                                                           

 
14 Geometry from DOE’s Commercial Prototype Building Models Medium Office Building 
(http://www.energycodes.gov/development/commercial/90.1_models) 
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Survey (CEUS)15. Average savings from all three technologies were used to determine 

energy and demand savings. Retrofitting this building with photocontrols and advanced 

blinds/shades technology would result in about 68,600 kWh of whole building lighting 

energy saving (or 1.3 kWh/sf-yr.) and  about 6 kW of peak demand reduction (or 0.2 W/sf). 

This translates to a 30% utility costs savings of about $9,000 per year (or $0.17/sf). 

 

FIGURE 58: ESTIMATED SAVINGS FROM ADV. BLINDS/SHADES FOR A 53,000 SF MEDIUM OFFICE BUILDING 

Besides energy savings, maximizing daylight has other advantages as well, such as 

increased worker productivity with exposure to high levels of daylight during work hours. 

Studies such as the PIER study on office workers productivity16 showed that office workers 

with more view and daylight performed 10% to 25% better on tests of mental function and 

memory recall when they had the best possible view versus those with no view. Higher 

levels of daylight illumination were found positive for tests measuring attention span and 

short-term memory, and office worker self-reports of better health conditions were strongly 

associated with having a better view and more daylight. 

The cost of advanced blinds and shades ranges based on specific technology. Simple 

technologies such as bottom-up shades have the lowest cost of about $425 per unit. The 

split-inverted blinds cost about $1,500 per unit and automated shades came in at $1,150 

per unit (for a medium size project). These costs are inclusive of cost of all hardware, 

equipment and labor to do installation and commissioning.  

Simple payback calculated for these products ranged from 8 years for the manual bottom-

up shades to 23 yrs. for the manual split-inverted blinds. Automated shades came in at 18 

yrs. payback for a medium size project (about 250 window). Most of these payback values 

would be considered too high for a typical commercial retrofit. Hence, incentives through a 

daylighting retrofit program can be helpful in promoting their use in the commercial market. 

                                                           

 
15 California Commercial End Use Survey (http://capabilities.itron.com/ceusweb/) 
16 Heschong Mahone Group Inc., 2003. Windows and Offices: A Study of Office Worker Performance and the Indoor 
Environment. California Energy Commission, Publication number CEC-500-2003-082-A-09 
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RECOMMENDATIONS  
Recent studies such as the Office Daylighting Potential PIER study17 provide an estimate of 

energy savings that are possible by simply adding photocontrols to existing office buildings 

in California. The study showed great untapped potential for energy and demand savings18 

using simple and affordable retrofits of photocontrols that harvest daylight already available 

in these existing buildings. Advanced blinds and shades provide their greatest value by 

increasing both the potential savings from photocontrols, and the persistence and reliability 

of these savings. From the perspective of the building owner, this helps eliminate 

uncertainty and the risk of not achieving calculated savings and payback of investment in 

photocontrols.  From the perspective of utility programs, advanced blinds/shades reduce the 

risk that calculated savings will be achieved in participant buildings, and importantly that 

they can be reliably verified post-installation. 

Our assessment found that all three types of advanced blinds/shades technologies tested - 

automated top-down shades, manual bottom-up shades and manual split-inverted blinds 

were capable of providing greater daylighting savings (both energy and demand), to varying 

extents. These technologies also reduce the uncertainty associated with achieving 

daylighting savings mainly due to unpredictable baseline occupant operation of manual 

blinds/shades.  

Software programs now exist that can be used to model the performance of these products. 

Programs like Radiance 3-Phase method (aka Dynamic Radiance), can model annual 

daylighting performance in a high level of detail and accuracy. Programs like EnergyPlus and 

DOE2 can also be used to estimate performance from these products. The development of 

different types of manual operation schedules, as part of this study, can now provide a 

simulation baseline for comparison and development of energy savings estimates.  

Since the simple payback for the technologies was found to be high, our recommendation is 

that these technologies should be considered as part of a comprehensive “daylighting 

retrofit” program for commercial buildings by PG&E that primarily promotes installation of 

photocontrols. The program can offer a deeper incentive to encourage program participants 

to add advanced blinds/shades to a daylighting retrofit project. By doing this, PG&E can 

encourage deeper and more reliable energy savings from a vastly untapped resource of 

daylight in existing buildings. The incentive amount will need to vary based on the advanced 

blinds/shades technology chosen and its potential savings. 

Costs of some of the products such as the split-inverted blinds was very high because it was 

a custom product, which the manufacturer has indicated can be offered at a lower cost point 

if there was higher demand and mass production. Furthermore, other products are also 

available in the market that can provide the same value as the split-inverted blinds tested, 

but with a much smaller incremental costs that are likely to provide better paybacks. A 

simple variation of the same design can be two blinds - one for the view window and one for 

the clerestory, mounted in the window, with separate operation for each blinds. This system 

                                                           

 
17 Saxena, Mudit. (Heschong Mahone Group). 2011. Office Daylighting Potential. California Energy Commission. 
Publication Number: CEC‐500‐2013‐002 

18 PIER study estimated potential savings of 458.5 gigawatt hours (GWh) of energy per year and 184.2 megawatts 
(MW) of peak demand from California Office building stock. 
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will cost no more than a typical blind provide savings will likely be comparable. Our 

recommendation is to consider those products for inclusion in a utility program.  

Other products such as the automated blinds/shades typically have a high setup costs, 

which includes installation of roof-mounted radiometers, power and data cable wiring for 

each motor, etc., which make them good candidates for larger projects. Here the initial cost 

is shared by a large number of shade installations. Our analysis showed that project size of 

at least 50 windows is needed to bring down payback periods. They are hence 

recommended for larger projects.  

A bulk of this cost can be eliminated if the cost of providing power outlets near windows to 

power the shade motors can be eliminated. This can be done at a minimal cost, only when 

the building is being constructed. We hence recommend that a requirement for 120 V 

duplex outlets in close proximity to windows be made part of California’s Title-24 building 

energy code. This will provide a new generation of buildings that are “Advanced Shades 

Ready”, and can be cost effectively retrofitted with advanced automated blinds/shades in 

the future.  

Our research indicates that there are multiple manufacturers with a range of innovative 

blinds/shades products available in the market today. Manufacturers of these advanced 

technologies are typically blinds/shades manufacturers that have not paid much attention to 

the daylighting optimization of their products. For this reason, products such as the split-

inverted blinds are currently custom products that have a high cost premium. Our 

recommendation is to encourage further investment and innovation in advanced 

blinds/shades products. A comprehensive daylighting retrofit program as well as a code 

change proposal to provide advanced blinds/shades ready buildings will push the market in 

that direction and also promote the products that remain uncompetitive in the market due 

to low volumes and high costs. 

 



 

 80 

PG&E’s Emerging Technologies Program ET11PGE1042 

APPENDICES 
This section provides the following appendices: 

 Occupant Survey 

 Blinds/Shades Control Matrices 

 Links to Product Brochures 
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OCCUPANT SURVEY 

 



 

 82 

PG&E’s Emerging Technologies Program ET11PGE1042 
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BLINDS/SHADES MATRICES 
 

 

FIGURE 59: SPACE #1 SHADE POSITIONS OVER FIVE MONTH STUDY PERIOD (FEBRUARY - JUNE), GREEN WINDOWS: 
AUTOMATED TOP-DOWN SHADES (BAY 3 & 4) WHITE  WINDOWS: CONTROLS (BAY 2, 5 & 8), YELLOW WINDOWS: 

BOTTOM-UP SHADES (BAYS 6 & 7)  

 

FIGURE 60: SPACE #2 BLIND RETRACTION OVER FOUR MONTH STUDY PERIOD (MARCH-JUNE), GREEN WINDOWS: SPLIT-
INVERTED BLINDS (BAY 4 & 5) YELLOW WINDOWS: CONTROL (BAY 8 & 9) 
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FIGURE 61: SPACE #2 BLIND SLAT POSITION OVER FOUR MONTH STUDY PERIOD (MARCH-JUNE), GREEN WINDOWS: SPLIT-
INVERTED BLINDS (BAY 4 & 5) YELLOW WINDOWS: CONTROL (BAY 8 & 9) 

LINKS TO PRODUCT BROCHURES 
Automated - Smart: 

 Somfy - SonesseTM RS485, 

http://www.somfy.com/downloads/nam_pro/sonesse_30_databook_low.pdf 

 Mecho - Intelligent Motor Control Systems (Various), 

http://www.mechoshade.com/electroniccontrolsystems/ 

 Lutron - Various, http://www.lutron.com/en-US/Residential-Commercial-

Solutions/Pages/Commercial-Solutions/ShadingSolutions.aspx  

Automated: 

 Somfy - SonnesseTM 30 RTS, 

http://www.somfy.com/downloads/nam_pro/sonesse_30_databook_low.pdf 

 Somfy - Sunis & Terhmo SunisTM, 

http://www.somfy.com/downloads/nam_pro/sunis_thermo_bro_low.pdf 

 Lutron - Hyperion® & Sivoia, 

http://www.lutron.com/asia/Products/Pages/ShadingSystems/Hyperion/Overview.as

px  

http://www.lutron.com/en-

US/Products/Pages/ShadingSystems/SivoiaQSWireless/Overview.aspx 

 Mecho - SolarTrac® & SunDialer®
, http://www.mechoshade.com/SolarTrac/ 

http://www.mechoshade.com/SunDialer/ 

 

Motorized: 

http://www.somfy.com/downloads/nam_pro/sonesse_30_databook_low.pdf
http://www.mechoshade.com/electroniccontrolsystems/
http://www.lutron.com/en-US/Residential-Commercial-Solutions/Pages/Commercial-Solutions/ShadingSolutions.aspx
http://www.lutron.com/en-US/Residential-Commercial-Solutions/Pages/Commercial-Solutions/ShadingSolutions.aspx
http://www.somfy.com/downloads/nam_pro/sonesse_30_databook_low.pdf
http://www.somfy.com/downloads/nam_pro/sunis_thermo_bro_low.pdf
http://www.lutron.com/asia/Products/Pages/ShadingSystems/Hyperion/Overview.aspx
http://www.lutron.com/asia/Products/Pages/ShadingSystems/Hyperion/Overview.aspx
http://www.lutron.com/en-US/Products/Pages/ShadingSystems/SivoiaQSWireless/Overview.aspx
http://www.lutron.com/en-US/Products/Pages/ShadingSystems/SivoiaQSWireless/Overview.aspx
http://www.mechoshade.com/SolarTrac/
http://www.mechoshade.com/SunDialer/
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Electric: 

 Somfy - SonesseTM 30 DCT, 

http://www.somfy.com/downloads/nam_pro/sonesse_30_databook_low.pdf 

 Mecho - ElectroShade®, http://www.mechoshade.com/motorizedshades/ 

Battery: 

 Somfy - Tilt WireFreeTM, 

http://www.somfy.com/downloads/nam_pro/new_tilt_wirefree_brochure_low.pdf 

 Somfy - Roll Up WireFreeTM, 

http://www.somfy.com/downloads/nam_pro/roll_up_wirefree2_final_low.pdf 

Solar Cell: 

 Somfy - WireFreeTM Solar Pack, 

http://www.somfy.com/downloads/nam_pro/solar_pack_bro_-low.pdf  

 

http://www.somfy.com/downloads/nam_pro/sonesse_30_databook_low.pdf
http://www.mechoshade.com/motorizedshades/
http://www.somfy.com/downloads/nam_pro/new_tilt_wirefree_brochure_low.pdf
http://www.somfy.com/downloads/nam_pro/roll_up_wirefree2_final_low.pdf
http://www.somfy.com/downloads/nam_pro/solar_pack_bro_-low.pdf

