Two old studies that are somewnat
Interesting and probaoly worth sharing.
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A model of manual control for a
single shade In a single context.



Preface

e Predicting manual shade operation presents a persistent

challenge to energy modelers and daylight

simulators.

e There is some understanding of what event types trigger
manual shade operation (direct sunshine, sky glare, reflected
glare, etc.), though observed trigger thresholds vary.

e \We have little understanding of how long a

shade remains

owered after a triggering event ends. This manual shade delay

kely depends on both type of event and a
USer.

tentiveness of the



NManual Shade Position Measurements

e In Arup’s SF office, we monitored manual shade movements for two shades
over a five month period.

e \We measured the height of the shade above the floor by placing a drawstring
potentiometer placed on the floor and attaching the string to the bottom of the
shade.

e Also measured environmental conditions
 [ransmitted facade Irradiance
e Workplace illuminance
e [emperature
e Humidity
 Mean radiant temperature



Exterior Conditions

e Over the course of our study we have observed
regular shade deployment on sunny mornings

when the sun appears from behind an
neighboring building. Roughly 90 minu

'es later

the sun disappears behind another bul
ohoto of view from the desk).

 From the monitored data we can deter

ding (see

mine the

time the sun disappears and the time the shade
IS raised. The difference between these times Is a

delay In occupant response. We have observed
37 Instances of the event and sulbseguent shade

operation over the duration of our mon

toring.

N
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View out th wiovv from the desk studied.



Occupants

* [he shade was shared by two Arup employees:

Both Lighting Designers.
Keenly aware of benefits of daylight.

Socially conscious, and felt a sense of duty t

O

provide daylight to other employees in the o

fice.

Both aware that we were measuring their blind use.

Possibly the most active blind users in the world.



Attentive Shade Control - November 3
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L ess Attentive Shade Control - October 2
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Determining response time tor manual shade adjustment
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All 37 occurrences observed

I\/Ionthé Day TS|rL:1ne Sﬁg%e Delta I\/Ionthé Day TS|rLi1ne Sﬁ%ie Delta I\/Ionthé Day Tslrli?e Sﬁ%%e Delta
9 2 1317 1359 42 9 28 1219 1252 33 10 26 11:50 1304 74
___________ 9 7 1304 1315 11 9 30 1215 1280 15 11 1 11:38 1209 31
___________ 9 9 1258 1354 56 10 4 1208 1310 62 11 2 11:47 1205 18
___________ 9 13 1250 1304 14 10 5 1207 1211 4 11 3 1145 1145 0
___________ 9 14 1247 1250 3 10 6 1205 1304 59 11 4 1146 1147 1
___________ 9 15 1246 1329 43 10 7 1204 1258 54 11 7 11:30 1355 145
___________ 9 16 1242 1341 59 10 10 1200 1309 69 11 8 1045 11:30 45
___________ 9 19 1236 1305 29 10 11 1202 1308 66 11 9 1045 1052 7
___________ 9 20 1234 1310 3 10 13 1200 1216 16 10 1046 1057 11
___________ 9 21 1282 1238 6 10 17 1154 1203 9

___________ 9 22 1230 1239 9 10 18 1154 1203 9

___________ 9 23 1229 1501 152 10 19 1154 1205 11

___________ 9 26 1222 1900 398 10 20 1153 1208 15

9 27 1220 12:35 15 0 21 53 1316 83




—Itting observed response times to a log-normal distribution

Log normal probability distribution function: Log Normal Dist
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oV 2T I 20 _ Median Mean Distribution Statistics
0.02 mean = 50 minutes
o median = 25 minutes
Fitting observed data to a log-normal S0t mode = 6 minutes
distribution using results in the following
values for y & o 0.01
b = 3.1959
o= 1.1991
0

fit performed using: 0 20 40 60 80 100 120 140

hitp://www.wessa.net/rwasp_fitdistrinorm.wasp Shade Delay (minutes)



http://www.wessa.net/rwasp_fitdistrlnorm.wasp

Comparing observed and fit cumulative distribution function
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Simulating manual shade operation using inverse CDEF

We can use the observed data to model the
delay manual shade operating response in
building simulations. We would begin by
inverting the CDF. Then, for each event, we
generate a random number from a uniform 250
distribution in the range [0,1). The random
number is fed to the inverted CDF to
determine the shade delay for an event.

Inverse Log-Normal CDF
300

e===|nverse CDF

N
o
o

B Random Samples

The table below shows random numbers
generated for four events. The numbers are
plotted on the inverted CDF, and the resulting

delay Is also shown in the table. 0

Shade Delay (minutes)
S

Event Random Number Shade Delay >0
1 0.6924 5 44,64
"""""""" 2 | 02344 . 1025 0 -
3 0.0120 5 163 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
"""""""" T Toes | wer Probability




Conclusion and Discussion

» Characterized delay response for operation of a manual shade for One type of shade deployment
event by Two (attentive) users.

* \What’s missing (a lot, quite frankly):
* More occupant profiles
* Understanding of thresholds and other trigger events




Optimizing the grouping of PV panels
for a large and unusual rooftop PV
Installation.
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Nng Output of Rooftop PV
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Grouping Panels



/0Ning PV panels

 Each roof bay has 2-8 MPPTs, depending on the size of
the bay. Each panel on the roof is connected in a string to
one of the MPPs.

e [he output of each MPPT is limited by the least produ
panel on the string. The optimal zoning groups panels

similar production profiles.

 Fach MPPT can serve 35 - 312 panels.
MPPT has a 15kW max output. When tr
Oy panels exceeds the max output for tr
additional power Is lost. To avoid exceec

However, eac

e power proc

e M

D)

cing
with

A

2T, the

iIng 15kW the

Mmaximum number of panels is reduced to 220.

e T
g

ne

"OU

0S are restricted to this range.

uced

oractical range is 35-220 panels per MPPT, therefore

2,4,6,0r8
MPPTs per bay

e

String 1

1,2,3, or 4
strings per MPPT

String 2

35-78 panels per
string



FOoUry Irradiance simulation details

Simulation procedure for determining incident irradiance on panels:

- An analysis point is positioned at the center of each panel in the Rhino
model. Point coordinates are exported to a text file.

- The Radiance program ‘rtrace’ traces a ray originating 1cm above the
analysis point in the —Z direction. Rtrace returns the normal direction of the
intersected surface (the PV panel). The analysis point and surface normal
are written to a separate text file for analysis.

- The Radiance program ‘rfluxmtx’ uses the analysis points and surface
normal to create a daylight coefficient matrix. The daylight coefficient
matrix uses the reinhart M4 sky subdivision, with 2305 sky patches.

- The Radiance program ‘gendaymtx’ creates a sky matrix lbased on the
Moffett Field weather data file. The —O1 option is used with gendaymtx to
generate a skymatrix of total solar radiance.

- The Radiance program ‘rmtxop’ multiplies the daylight coefficient matrix by
the sky matrix, producing an irradiance matrix containing irradiance values
for every panel and every hour of the year.
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Determining PV zones — Bay0bo
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For this study, panel groups were
determined using k-means clustering, using
I3

a vector of 73 dimensions. The vector
192

consists of irradiance on the panel for
various times of day and year. Times were . .
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Determining PV zones — Bay0bo

Part of the irradiance vector for clustering (A Sunny day in June)
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Clustering Result - Bay 05
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Constraining Number of Panels per Zone

* Of the clustering algorithms available, none have the
abllity to limit the size of clusters.

* [he result of clustering for most bays includes zones
with more than 220 panels.

* (Generating PV zones that conform to limits of MPPTs
requires reassigning panels to reduce the number of
panels in zones exceeding the limit.



Constraining Number of Panels per Zone

Reassignment is performed based on Euclidean distance In
/3 dimensional hyperspace.

0. Determine the centroid of each cluster (in 73-
dimensional hyperspace).

Repeat 1. [f a zone has more than 220 panels, move a panels

15";'05 furthest from the centroid to their next closest cluster.

2. Recompute cluster centroids

3. Put all panels in the cluster with the closest centroid



[terative Reassignment in Action



Clustering Result - Bay 05
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terative Reassignment - [teration 05
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terative Reassignment - [teration 09
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terative Reassignment - [teration 17
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Clustering result and reassignment outcome



Clustering Result - Bay 05
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Estimating Hourly Energy Production



[yorid Radlance - PVVVatts Methoa.

o PVWatts calculation provides an accurate estimate of annual PV
energy production because it accounts for the following:

* Jemperature of the panel and effect on panel output
e Off normal transmission of the PV cover glass
 Non-linear inverter efficiency

* However the PVWatts calculation is unable to account for
shading from site context or building self-shading. The shape of
the roof creates substantial shading for PV panels near the
clearstories.

 \We employed a hybrid Radiance-PVWatts calculation method that
uses Radiance to calculate shading and PV\Watts to calculate panel
output.



[yorid Radliance-PV\V\Vatts Method.

* Shading correction factor — In Radiance simulat
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'or to account for shading.



Comparing PV-Watts and Radiance Irradiance Calculation

Compare panel irradiance results between PVwatts and
Radiance using seven panels from bay 05
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Radiance vs. PV \Watts lrradiance

Comparisons — Bay05

Radiance vs. PVWatts (x-axis) for unshaded panels

Panels with near zero tilt angle have nearly perfect

agreement. As the tilt increases, the agreement gets

slightly worse.

The disagreement between the PVWatts and R

likely stems from the difference in sky model used.

Radiance uses the Perez All-Weather sky luminance

model,l'l while Pvwatts uses Perez’s method for
modeling irradiance components from direct and global

irradiance.[?l

1100
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500

400

[1] Perez, R., Seals, R. and Michalsky, J., 1993. All-weather model
for sky luminance distribution—preliminary configuration and
validation. Solar energy, 50(3), pp.235-245.

[2] Perez, R., Ineichen, P, Seals, R., Michalsky, J. and Stewart, R.,
1990. Modeling daylight availability and irradiance components
from direct and global irradiance. Solar energy, 44(5), pp.271-2809.
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Radiance vs. PV \Watts lrradiance

Comparisons — Bay05

without roof self shading (x-axis).
Shading occurs at times where the points fall below the

y=x diagonal.

Radiance with shelf shading (y-axis) vs. irradiance

Panel B experience the most shading from the roof,
while panel E and A experience almost no shading.

For each hour the ratio of shaded to unshaded
irradiance is used to adjust the panel output generated
by PVWatts. To account for shade on the panels from

the roof.
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Applying Shade Factor

* Obtain hourly annual DC output of a panel using DC watts API
* Put these in a radiance matrix file (rows = each panel, cols = hour of the year)
* (Generate Shaded daylight coefficient matrix (rfluxmtx)
* Generate Unshaded daylight coefficient matrix (rfluxmtx)
* Multiply Daylight Coefficients by Sky Matrix (rmtxop)

* Multiply DC matrix by shaded irradiance matrix and divide by unshaded irradiance matrix (element wise)

rlam -if1 'lrcollate -oc 1 irrad/bay_05-1_unshaded.out | getinfo -' \
'Ircollate -oc 1 irrad/bay_05-1_shaded.out | getinfo - " \
'Irmtxop -ff1 dc_output/bay_05-1.mtx | rcollate -oc 1 | getinfo -' |\ Old way b(-?fore elen!ept_ms_e
| | multiplication and division in rmtxop.
rcalc -if3 -of1 -e '$1=if($1,$3*$2/$1,0)' | \ Thanks Greg!
rcollate -hi -ff1 -ic 1 -ir $((numpanels*8760)) -oc 8760 | \

rmtxop -t -ff - > adjusted_dc/bay_05-1.mtx



[yorid Radliance-PV\V\Vatts Method.

 Reduce power for all panels in a zone to that of the minimum
panel In the zone.

» Cap power output at 15 kW for zones exceeding maximum
output.

* Apply inverter efficiency and sum all zones and bays.



Clustered Panels vs. simple Grid Grouping
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