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ABSTRACT 
Manual blind controls are typically not included in energy modelling and often not considered in 

daylight modelling. This is in part because there is no consensus in the research or practice community 

about the way users operate manual blinds. Recently the IES published LM-83 for annual daylight 

simulation and this document includes a preliminary manual blind control algorithm. A subsequent 

literature review proposed two alternate manual blind control strategies. Blind control patterns affect the 

energy consumption (interior lighting loads and space heating and cooling loads) of buildings but a deeper 

understanding of the range of effects is needed before widespread adoption of manual blind control 

algorithms in daylighting and energy simulation will occur or consensus about appropriate algorithms 

reached. This paper compares three leading candidate manual blind control algorithms using a three-story 

medium-sized office building located in Boise ID. Simulations were conducted using BCVTB co-

simulation program to integrate Radiance engine V.4.2.0 with thermal modelling program   EnergyPlus 

V.8.1.0.  Specifically, annual energy implications, blind average daily rate of change (ROC), average   

daily number of blind movements (NBM), blind occlusion (percent of windows with blinds closed) and 

spatial daylight autonomy (sDA), are compared for all three algorithms. It is reported that annual lighting 

end-use energy consumption of three strategies differed by approximately 6.6%, 3.7% and 2.2% using 

Blindswitch-A, -B and LM-83 respectively as compared to a baseline with blinds always retracted with 

daylight sensing lighting controls. The LM-83-based manual control algorithm has the highest ROC and 

NBM of the three leading candidate manual blind control algorithms. The highest blind occlusion was 

reported for Blindswitch-A for all facades. Blindswitch-A shows slightly more overall energy 

consumption as compared to the other two algorithms, having 1.3% higher use than the baseline with 

lighting controls and blinds retracted. However, the real energy story is told in the variance in energy end 

uses for the alternate blind control models as compared to the baseline (exceeding 20% difference). 
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1. INTRODUCTION 

Daylighting is a common energy-efficiency strategy that also boasts a myriad of other human 

benefits (Leslie 2003; Reinhart & Selkowitz 2006; Van Den Wymelenberg 2014). Successful daylighting 

design that saves energy and improves human satisfaction incorporates many technologies, spans several 

disciplines, and requires attention throughout the design process. 

Blinds are ubiquitous in spaces designed for daylighting since almost any daylighting design will 

bring with it some period of low angle sunlight, causing intermittent glare and requiring mitigation. The 

impact of manual blinds on the performance of daylighting and energy consumption in buildings has been 
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a subject of some inquiry (Bourgeois et al. 2006; Newsham 1994; Reinhart 2004; Van Den Wymelenberg 

2012; da Silva et al. 2012; Dyke et al. 2013).  According to Laouadi (2011), when closed, blinds reduce 

solar heat gain by 40% (with high-performance windows) to 50% (with conventional windows) in 

comparison to unshaded windows. Due to daylight penetration impact, blinds can significantly alter 

interior lighting loads in systems with daylight sensing electric lighting controls (Heschong et al. 2005). 

In addition to better understanding of the impact of manual blind use on daylighting and energy 

estimates, there is a growing need to evaluate the impact of automated blind controls as an energy 

efficiency measure, and the baseline assumptions of the presence and/or operation of manual blinds are 

critical to such an evaluation. A few studies have examined the benefit of internal automated blinds in lab 

or field settings (Kim et al. 2009; Lee et al. 1998; Roche 2002; Dyke et al. 2013) and reported savings in 

peak cooling load (5-30%), cooling and ventilation energy savings (10-30%), lighting energy savings (20- 

45% compared to systems with photocell dimming and static blinds) and total energy savings (25%) for 

all systems. However, the assumptions about the baseline presence and operation of manual blinds vary in 

these studies. 

This paper compares three leading candidate manual blind control algorithms using a three-story 

medium-sized office building located in Boise ID. The first was developed by Van Den Wymelenberg 

(2012) and coined “Blindswitch-2012A” by Dyke (2013), and it adjusts the blind occlusion (increased 

window occlusion as more blinds close) according to the sunlight penetration depth and whether 

irradiance exceeds 120 W/m².  The second, Blindswitch-2012B (Van Den Wymelenberg 2012; Dyke et  

al. 2013), regulates occlusion based upon vertical exterior illuminance. And finally, the third algorithm 

proposed by the IES Daylight Metrics Committee and published as IES LM-83 (Heschong & Van Den 

Wymelenberg 2012; Heschong Mahone Group 2012; IESNA-Daylight Metrics Committee 2012), adjust 

blinds based upon maintaining a threshold of less than 2% of a simulated sensor grid exceeding 1,000 lux 

of direct beam sunlight with zero bounces (via digital simulation). Further details for each algorithm are 

provided in the methods section. Annual energy implications, blind average daily rate of change (ROC), 

average daily number of blind movements (NBM), blind occlusion and spatial daylight autonomy (sDA), 

are reported. This paper compares the annual energy and daylighting performance impacts of each 

algorithm relative to one another and to a baseline assuming no blind use, and it also examines the 

frequency of blind movements and average occlusion results for each algorithm relative to data from 

existing literature in order to support dialogue and eventual adoption of updated manual blind control 

simulation best practices. 

 
2. METHODS 

 
2.1 Case Study 

This paper examines a three-story medium sized open plan office building located in downtown 

Boise, ID (Figure 2.1) built in 1999. The case study building has an area of approximately 2,973 m² 

(32,000 ft²), is dominated by core zones and surrounded by offices with standard double pane ribbon 

windows. The ribbon windows have a head height 2.3 m (7.7 ft) and the sill is at 0.8 m, thus the windows 

are 1.5 m (5 ft) tall. Windows wrap all facades and make up a window-to-wall ratio of 35.7% for all 

floors. Window U-value of 2.67 W/m²-K (0.47 Btu/hr-ft²-F), solar heat gain coefficient (SHGC) of 0.497 

and visual light transmittance (VLT) of 0.505 are used throughout. Exterior walls and roof U-values are 

0.036 and 0.19 W/m²-K (0.033 & 0.006 Btu/h-ft2-F), respectively. The built up HVAC system comprises: 

zonal heat pumps, a boiler (89 % efficiency) and a two-speed cooling tower for heat rejection. The 

equipment power density is 6.46 W/m² (0.6 W/ft²) and total installed lighting power density (LPD) is 

13.67 W/m² (1.27 W/ft²) based upon the example building. It was assumed that 250 occupants were on 

site during regular working hours (from 8 am to 5 pm, Monday through Friday). According to the 

calibration of the existing building (without blind controls), the calculated energy use intensity (EUI) is 

138 kWh/m²-yr (63.4 kBtu/ft²-yr). 
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Figure 2-1: Case Study Building Figure 2-2: Plan View of Oriented Building 

 

To obtain a general conclusion for the findings of this research, it was decided to rotate the 

building 32.4° counter clockwise from the North axis, to arrive at true cardinal directions for primary 

facades. Based on this rotation, a slight reduction of 0.8-1.3 % (depending on the blind control algorithm) 

in annual energy consumption occurred. Simulations were conducted with typical meteorological year      

3 (TMY3) data for Boise, ID. 

 
 

2.2 Blind Control Algorithms 
 

Three manual blind control algorithms were applied to internal blinds, which were used as the 

primary shading devices, in order to compare their relative differences (Table 2-1) in operation patterns 

and resultant annual energy and daylighting impact. 
 

 

 

 

 
 

BLINDSWITCH - 2012 A 

• Change the occlusion 
according to the penetration 
depth and irradiance > 120 

W/m2 exterior 

BLINDSWITCH - 2012 B 

• Change the occlusion 
according to the change of 
vertical exterior illuminance 

on façade 

LM - 83 

•Close the occlusion 
whenever more than 2% 
of the sensors get 1,000 
lux or more of direct beam 
sunlight with zero bounce. 

 

Table 2-1: Blind Control Schemes 

 

2.2.1 Introduction of Control Algorithms 

2.2.1.1 Blindswitch-A 
Blindswitch-A utilizes a sunlight threshold of 120 W/m² of exterior irradiance measured normal 

to the sun and increases occlusion based increased sunlight penetration depth (Van Den Wymelenberg 

2012). As soon as sensors exceed the sunlight threshold, blind occlusion increases proportionally with 

sunlight penetration depth.  The algorithm assumes that in reality there are always some blinds that 

remain “always engaged” (15% down and rotated open; 5% down and rotated closed) and “always 

retracted”. Blind retraction is based upon a time delay as illustrated in Figure 2-3. Those exact trigger 



4 | P a g e  

points in this figure are shown in Table 2-2: Control Trigger Values Per Window Group - Blindswitch-A. 

The blind slat angle remains constant at 75° when blinds are engaged with the exception of the 15% of 

blinds that are “always engaged and rotated open”. 
 

 

 

Figure 2-3: Operation Model for Blindswitch-A (Following Van Den Wymelenberg 2012 as in Dyke 2013) 

 

 

2.2.1.2 Blindswitch-B 

 
Blindswitch-B utilizes a proportional relationship between vertical exterior illuminance and blind 

closure as shown in Figure 2-4 (Van Den Wymelenberg 2012). Blind closure begins when 33,000 lux of 

vertical exterior illuminance strikes the façade and maximum occlusion occurs at 100,000 lux. Similar to 

Blindswitch-A, some blinds remain retracted and some remain engaged at all times, and the slat angle 

remains constant at 75° when blinds are engaged and rotated closed. A hysteresis effect is implemented 

for blind opening whereby blinds do not retract until a substantially lower exterior vertical illuminance is 

measured. 

 

 
Figure 2-4: Operation Model for Blindswitch-B (Following Van Den Wymelenberg 2012 as in Dyke 2013) 
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2.2.1.3 LM-83 Metrics 

 
The third manual blind control algorithm in this study, is based upon the simulation protocol 

documented in IES LM-83 (IESNA-Daylight Metrics Committee 2012). The trigger value for opening or 

closing interior blinds (by window group) is the percentage of floor area (2%) that exceeds a simulated 

1,000 lux of sunlight, assuming zero bounces and appropriate fixed architectural shading, cloud cover, 

and shading from trees and adjacent buildings. Furthermore, it is an interior horizontal illuminance 

measurement that includes glazing VLT (50 %), and the effect of angle of incidence. In LM-83 direct 

sunlight calculated for determining blind closure does not consider reflected light (zero bounce) from 

exterior objects or the diffuse sky component on an hourly basis. In this simulation, blinds are closed (at a 

fixed 75° tilt) until less than 2% of the sensors on a 0.61 m x 0.61m (2’ x 2’) analysis grid exceed 1000 

lux, and the worst-offending window blind group is closed first. 
 

 

 

 

100% 

80% 

40% 

20% 

0% 

 

 
% Sensor Points in Analysis Zone > 1000 LUX 

 
 

Figure 2-5: Example of LM-83 Blind Control Logic Model 

 

 

2.2.2 Model Implementation 

 

2.2.2.1 Blindswitch-A 
 

All facades were built with three ribbon windows, one for each floor. Each ribbon window was 

broken into 10 separate windows with individually controllable blinds. According to the algorithm, 

windows were assigned a number from 1-10 in random fashion, and each number had one of four blind 

operation types assigned. Window #1 is always engaged and rotated closed to 75° tilt, window #2 is 

always engaged and rotated open with horizontal slats, windows #3-8 are operated by the algorithm, and 

window #9-10 are always retracted.  The layout of the west facade is shown in figure 2-6 as an example 

of this randomization. Because of this randomization it is possible that the daylight sensing lighting 

control sensor (one per floor per façade) may be located behind any of these window blind operation 

types. Table 2-2 illustrates how each window (#1-10) engages and retracts. The Energy Management 

System (EMS) in EnergyPlus (Version 8.1.0) was used to implement Blindswitch-A with daylight sensing 

lighting controls. It utilizes three inputs: (1) exterior irradiance based upon direct solar data from the 

weather file for blind control, (2) sunlight penetration depth based upon Surface Ext. Solar Beam Cosine 

of Incidence Angle output for blind control and (3) desktop illuminance sensors at the center of each zone 

but at a maximum of three meter (10 ft) from the window for the control of appropriate electric lights in 
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the daylight zone. A timestep of half an hour was used on Blindswitch-A, with the half hour time step used to 

accommodate the hysteresis in the model (Figure 2-3). 

 

Figure 2-6: Random Configuration of West Facade Windows (Dyke 2013) 

 

 

Trigger Values 

Window 

Number 

Control Scheme % 

Occlusion 

Engage after 

penetration 

depth ≥ [m] 

Retract after 

engagement 

triggers drop 

below for 

duration ≤ [hrs] 

1 Always Engaged & Rotated Closed 5 - - 

2 Always Engaged & Rotated Open 15 - - 

3 Operable 10 0.5 3 

4 Operable 10 1 2.5 

5 Operable 10 1.5 2 

6 Operable 10 2 1.5 

7 Operable 10 2.5 1 

8 Operable 10 3 0.5 

9 Always Retracted 10 - - 

10 Always Retracted 10 - - 

 

Table 2-2: Control Trigger Values Per Window Group - Blindswitch-A, following (Dyke 2013) 

 
 

2.2.2.2 Blindswitch-B 

 
Similar to Blindswitch-A, 10 window groups were used per façade and floor - and run with one- hour 

timesteps; however, unlike Blindswitch-A, Blindswitch-B utilizes vertical exterior illuminance data. Table 2-

3 details the control parameters associated with each of the 10 window blind groups, following the same 

randomization as for Blindswitch-A, such as is illustrated in Figure 2-6. 
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Trigger Values [lux] 

Window # Control Scheme % Occlusion Engage if ≥ Retract if ≤ 
1 Always Engaged & Rotated Closed 5 - - 

2 Always Engaged & Rotated Open 15 - - 

3 Operable 10 33,000 17,500 

4 Operable 10 47,500 22,500 

5 Operable 10 60,000 30,000 

6 Operable 10 72,500 37,500 

7 Operable 10 86,000 42,500 

8 Operable 10 100,000 49,000 

9 Always Retracted 10 - - 

10 Always Retracted 10 - - 

 

Table 2-3: Control Trigger Values Per Window Group – Blindswitch-B (Dyke 2013) 

 

Blindswitch-B also utilizes EnergyPlus EMS but in combination with vertical exterior illuminance 

data obtained from Radiance (Version 4.2.0) co-simulation.  As seen in Figure 2-8, in order to calculate 

exterior vertical illuminance, an analysis point was defined just outside the window on each floor and each 

façade at the height of the work plane (0.76 m or 2.5 ft). Indoor horizontal illuminance for daylight sensing 

lighting control was calculated using the analysis grid point closest to the point used for Blindswitch-A and -

B. 

 

Figure 2-8: Vertical Exterior Illuminance 

 

 

 

2.2.2.3 LM-83 Metrics 

 
To maintain consistency for sake of results comparison, LM-83 as well as Blindswitch-A and -B all 

used the same ten window groups for each façade and floor. The blind trigger in LM-83 is designed to 

maintain less than 2% of the sensors in a specified floor area in excess of 1000 lux (zero bounces). Therefore, 

the trigger value for all operable blinds (#1-10) is potentially the same, essentially 2% of the sensor grid 

exceeding 1,000 lx as illustrated in Table 2-4. To clarify, Figure 2-9 illustrates an example of the LM-83 

control decisions for 10 individual windows within one ribbon window, on July 10th in the morning. It also 

illustrates that window blinds are closed from worst to least offender until less than 2% of sensors exceed 

1000 lux. The grid of analysis points (0.61m x 0.61m, or 2 ft x 2ft) is defined at the work plane level (0.76 m 
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or 2.5 ft above each floor). Indoor horizontal illuminance for daylight sensing lighting control was calculated 

the same was as in Blindswitch-A. It is important to note that the LM-83 2% trigger potentially operates all 

10 window blind groups, not just the six blinds per ribbon as is the case with Blindswitch-A and Blindswitch-

B. 
 
 

Trigger Values [lux] 

Window Control % Engage if Open if 

1 Operable 5 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

2 Operable 15 Worst offender & needed so  <2% sensors ≥1k lx <2% sensors≥1k lx 

3 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

4 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

5 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

6 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

7 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

8 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

9 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

10 Operable 10 Worst offender & needed so <2% sensors ≥1k lx <2% sensors≥1k lx 

 

Table 2-4: Control trigger values per window – LM-83 (Using Worst offender first) 
 

Figure 2-9: Example of the LM-83 control decisions for ten windows in one ribbon window 

 

2.3 Co-simulation 

 
Each algorithm, Blindswitch-A, B and LM-83, require unique simulation pathways to conduct a 

whole building energy and daylighting case study, but in all cases require co-simulation with EnergyPlus 

and Radiance. To facilitate a streamlined workflow, the co-simulation platform BCVTB was used to 

couple and integrate these into a single platform capable of accurate and effective annual daylight and 

whole building energy simulation including alternate blind use algorithms, and daylight sensing electric 

lighting control. The procedure for a fully automated and integrated platform is displayed in figure 2-10 

for Blindswitch-A, in Figure 2-11 for Blindswitch-B, and in Figure 2-12 for LM-83. Each scenario was 

repeated per (sub-) hourly timestep to maintain the ability to operate blinds per timestep. 

 

| 8.81% of sensors are above 1000 lux, evaluating window groups. 

|   >> glaz_EW2_2_e is contributing 1.33% of the total 8.81% in the space, closing. 

|   >> glaz_EW2_4_e is contributing 1.16% of the total 8.81% in the space, closing. 

|   >> glaz_EW2_3_e is contributing 1.16% of the total 8.81% in the space, closing. 

|   >> glaz_EW2_6_e is contributing 1.07% of the total 8.81% in the space, closing. 

|   >> glaz_EW2_7_e is contributing 0.89% of the total 8.81% in the space, closing. 

|   >> glaz_EW2_10b_e is contributing 0.80% of the total 8.81% in the space, closing. 

|   >> glaz_EW2_9_e is contributing 0.71% of the total 8.81% in the space, closing. 

>> Less than 2% achieved by closing: glaz_EW2_2_e glaz_EW2_4_e glaz_EW2_3_e glaz_EW2_6_e glaz_EW2_7_e 

glaz_EW2_10b_e glaz_EW2_9_e (-7.12%) [therefore: 1.69% above 1000 lux; keeping glaz_EW2_1_e, glaz_EW2_5_e, glaz_EW2_8_e 

retracted] 
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Figure 2-10: EnergyPlus/ Radiance integration workflow for Blindswitch-A 

 

 

Figure 2-11: EnergyPlus/ Radiance integration workflow for Blindswitch-B 

 
 

 

Figure 2-12: EnergyPlus/ Radiance integration workflow for LM-83 
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3. RESULTS 

 
3.1 Blind Movements 

 
Rate of change (ROC) and number of blind movements (NBM) are used to examine the result of 

blind use algorithms. ROC is based only on blind movement per façade, that is, a particular blind either 

engages or retracts at least one time. However, ROC does not take into account the number of times a 

blind changes in a day. Therefore, NBM is needed and it represents the ratio of the total number of blind 

movements per day to the total number of blinds that moved (at least once) per day per façade. 

Figure 3-1 and 3-2 provides the comparison of annual ROC values for three proposed blind 

control algorithms in all different facades. These plots reveal that for this space LM-83 results in the 

highest average for all facades. Moreover, it is interesting to note that the difference in the percentages of 

ROC in LM-83 introduces it as the most active blind control algorithm of all three. As shown in Figure 3-

2, LM-83 is more variable with regard to consecutive daily ROC values than either of the other 

algorithms. Blindswitch-B has a ROC that is always zero on the North façade since this facade never hits 

the vertical exterior illuminance trigger value. Note that blind occlusion value (Figure 3-4) is at the 

minimum possible value for the North Façade due to the definition of Blindswitch-B having some blinds 

down and rotated closed and some down and rotated open at all times. LM-83 ROC approaches 67% and 

on the North façade and Blindswitch-A reaches 20%. It should also be noted that for LM-83, all 10 

window groups are operable, making 100% ROC possible. 
 

 
 

 

Figure 3-1: Average daily blind ROC by façade for each manual blind control algorithm 
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Figure 3-2: Annual daily ROC by façade for each manual blind control algorithm 

 

 

Figure 3-3 displays the NBM values for Blindswitch-A, -B and LM-83. Generally, the figures for 

Blindswitch-A & -B change between 0 and 2, which is a logical daily blind operation, typically engaging 

in the morning and retracting in the afternoon/evening. Some exceptions can be seen in Blindswitch-B 

with average NBM of 3 or 4 on some days, and also for Blindswitch-A on the North facade.      The NBM 
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values for LM-83 are not limited between 0 and 2 and there are more irregular numbers as compared to 

Blindswitch-A or B, with considerably higher blind use activity on South facades. 
 

Figure 3-3: Annual daily NBM by façade for each manual blind control algorithm 
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3.2 Average Percent Occlusion 

 
Figure 3-4 illustrates the annual average occlusion values for each facade and floor for each of 

the three blind control algorithms in both whole day (24 hours) and “occupied hours” only (8AM-6PM). 

As expected, the lowest percentage average occlusion for Blindswitch-A, -B and LM-83 was recorded for 

the North façade. During occupied hours, the highest occlusion for Blindswitch-A, Blindswitch–B and 

LM-83 belongs to the South facade with 31.12%, 27.12% and 29.72% average occlusion respectively. 

Blindswitch-A shows the highest average blind occlusion for the South façade, and in fact, it has the 

highest value for every façade for both timespans. For Blindswitch-B, the North facade never reaches the 

minimum vertical exterior illuminance trigger (33,000 Lux), and the 10% annual average shown on the 

graph is just a response to the fixed engaged blinds (Windows #1-2) in the blind control model.  It is 

worth noting that with the LM-83 algorithm, all 10 window blinds per ribbon window are treated as 

operable, thus increasing the “ceiling” and decreasing the “floor” of possible average blind occlusion 

values. 

It is meaningful to note that the occlusion rate of North façade decreased (slightly) when 

examining only occupied hours while the reverse scenario occurred for other facades. This suggests that 

much of the operated occlusion occurred during unoccupied hours for the North façade. It also highlights 

the inflation effect by eliminating the unoccupied hours from the data for the other facades. This could be 

an important consideration when analysing and interpreting data from other studies. 
 

 

 
 

Figure 3-4: Annual Average Percent Occlusion by façade for each manual blind control 

algorithm, examining 24-hour data and occupied hours only. 
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3.3 Daylight Sufficiency 

 
In order to provide meaningful guidance for designers regarding the sufficiency of daylight 

illuminance available in a design, a metric called spatial Daylight Autonomy (sDA) was developed based 

upon Daylight Autonomy (Reinhart & Walkenhorst 2001), and a second titled Annual Sunlight Exposure 

(ASE) was developed to suggest possible risk of excessive sunlight (IESNA, 2012). Both are documented 

in the IES LM-83 publication with simulation specificity, including the LM-83 blind control algorithm, 

and both are summed to a single number for a space.  This metric was defined to make possible the 

evaluation of one space to another in regard to daylight performance. The sDA reports a percentage of 

floor area that exceeds a specified illuminance level (e.g. 300 lux) for a specified amount of annual 

occupied hours (e.g. 50% of the hours from 8am-6pm annually). ASE estimates the percentage of analysis 

points in a space that exceeds 1000 lux of direct sunlight for 250 hours (as measured from 8am- 6pm). 

The plot below shows a plot of daylight autonomy as if blinds were closed at all times, or an “sDA” 

without blinds of 20.43%. Interestingly, the true sDA for blinds operated according to LM-83 show much 

higher values, approaching 100%.  This will be discussed further in the next section.  The ASE is 

approximately 47.5 %. Plots similar to sDA using the LM-83 algorithm for Blindswitch-A and 

Blindswitch-B will be documented in a future publication. However, given the lower blind occlusion for 

LM-83, it is likely that the resultant “sDA”-Blindswitch-A and “sDA”-Blindswitch-B annual illuminance 

plots would be lower than the sDA-LM-83, which approaches 100%. 
 

 
Figure 3-5: sDA-LM-83-Blinds_closed (left), ASE-LM-83 (right) 

 

 
 

3.4 Annual Energy Consumption 
 

Figure 3-6 compares the annual energy use intensity (EUI) of all three manual blinds operation 

algorithms against a baseline with daylight sensing lighting controls and without blinds. Results are also 

shown relative to a baseline without daylight sensing lighting controls. It is reported that annual lighting 

end-use energy consumption of three strategies differed by approximately 6.6%, 3.7% and 2.2% using 

Blindswitch-A, -B and LM-83 respectively as compared to a baseline with blinds always retracted and 

with daylight sensing lighting controls.  For the same baseline, heating end-use consumption differed   by 
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TOTAL 

BASELINE (WITHOUT 
LIGHTING CONTROLS) 

58.7 7.2 27.1 45.3 0% 138.3 

BASELINE(ALWAYS 
RETRACTED) 122.2 

BLINDSWITCH A 124.0 

BLINDSWITCH B 58.7 8.6 24.6 29.6 16.9 
121.4 

IES-LM83 58.7 9.7 26.1 28.9 14.9 
123.4 

0.0 25.0 50.0 75.0 100.0 125.0 

Energy Use Intensity [kWh/m²-yr] 

Other Equipment Heating Cooling Lighting EUI Reduction from Baseline 

19.5%, 1.4% and 13.9% using Blindswitch-A, -B and LM-83 respectively. Total energy use did not differ 

as dramatically due to cancelling errors (1.3%, 0.5% and 0.8% respectively) but is still substantial. 
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Figure 3-6: Annual End-Use Energy Consumption Comparison of Three Dynamic Blind Control 

Patterns 
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4. DISCUSSIONS AND CONCLUSIONS 

 
This research presented descriptive results in comparing relative differences between three 

leading candidate manual blind control algorithms, Blindswitch-A, Blindswitch-B and an LM-83-based 

algorithm. The blind control algorithm clearly has an impact on both annual daylight performance and 

annual energy consumption. Furthermore, depending on if a, and if so which, manual blind control 

algorithm is implemented for daylighting and energy simulation, the results vary widely. It is reported 

that annual lighting end-use energy consumption of three strategies differed by approximately 6.6%, 3.7% 

and 2.2% using Blindswitch-A, -B and LM-83 respectively as compared to a baseline with blinds always 

retracted with daylight sensing lighting controls. For the same baseline, heating end-use consumption 

differed by 19.5%, 1.4% and 13.9% using Blindswitch-A, -B and LM-83 respectively. Total energy use 

did not differ as dramatically due to cancelling errors (1.3%, 0.5% and 0.8% respectively). Still, LM-83- 

based algorithm has the highest cooling energy use; while the highest heating energy use, electric lighting 

energy use and therefore the highest overall energy consumption belongs to Blindswitch-A having 1.3% 

higher use than the baseline with lighting controls and blinds retracted.  Furthermore, any energy design 

or operation decisions based upon end-use data are likely to be erroneously informed by end-use data 

provided without accurate manual blind operation algorithms. To our knowledge, no energy simulation 

calibration methods, energy code performance-based compliance methods or energy reach codes (until 

LEED V.4) require manual blind control algorithms be implemented. 

This paper has also provided preliminary results for the effect of manual blind controls on annual 

daylight sufficiency calculations such as spatial Daylight Autonomy. LM-83 shows the highest rate of 

change of blind position (ROC), the highest number of blind movements for those blinds that moved on a 

given day (NBM), the lowest overall average annual (24-hour) blind occlusion, and therefore it is 

expected to have the highest 24-hour annual daylight sufficiency values. However, the same cannot be 

said for “occupied hours” analyses, where Blindswitch-B shows the lowest occlusion on the South and 

West façades and LM-83 shows the lowest on the East façade and none on the North facade. There are 

still questions about which candidate manual blind control algorithm is most representative of actual user 

behaviour. The average of ROC and NBM are notably higher for LM-83, and the values reported for 

Blindswitch-A and -B are more in line with some previous literature (Lindsay & Littlefair 1992; Sze 

2009), but it is clear that additional human factors research is warranted in this area. 

 
We propose several major outcomes and next steps: 

 (1) Manual blind control patterns have considerable impact on energy end-use consumption and 

should be included in building energy simulation, similar to Dyke et al. (2013). This is critically 

important to any simulation reporting effects associated with automated blinds controls as impact 

relative to a baseline with manual lighting controls will be substantially different than a baseline 

with no blind controls. 

 (2) The LM-83-based manual control algorithm has the highest ROC and NBM. Furthermore, in 

the implementation of this algorithm, it was found that all details of the control logic are not 

spelled out in the IES- DMC documentation of LM-83 (2012). Specifically, we decided to 

implement at worst-offender first approach to achieve less than 2% of sensors exceeding 1000 

lux whereas others have implemented an approach to close all East, then South, then West then 

North windows (Heschong Mahone Group 2012) or a optimized approach (Mistrick, Daysim PS, 

TBD). It was also discovered that the size and shape of the analysis grid substantially impacts the 

LM-83 2% trigger, especially with larger spaces with multiple orientations, such as a whole floor 

plate. These details will be described in a future publication as well as recommended practice for 

the proper application of IES-LM-83. 

 (3) In order to develop a consensus-based manual blind control algorithm for future use in 

simulation broadly, and energy codes, reach codes, and daylighting standards   specifically, 
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additional human factors and post occupancy research of manual blind use in real buildings is 

needed to support selection or refinement of current leading candidate algorithms. 

 (4) This presents a comparison of three candidates manual blind control algorithms for one office 

building in Boise, ID. Although these results can reasonably be extended to other regularly 

occupied workspaces with similar spatial configurations, in order to achieve more generalizable 

results, additional evaluations of the impact within multiple climate zone and building shape and 

daylighting designs would be needed. 
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