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The use ol supplementai lighting has
hecome common in greenbouse production
in order o inerease photosynhesis and
thus  improve  production  and  quality.
Abour 20 wvears @go. rescarch al lhe
University ol Guelph (Dr. M. Tsujila)
prompted  an ncrease o ihe
supplemental lights Jor cat roses m Nerth
America. This was succecded by the use
of supplemental lighung on mother stock
geraniums. hegonias.
latcly  tor the

plants of
chrvsanthermuns — and
preduction of seedling plugs.

The lights were
pressure  sodiom lights (HPS).

primarily  higl
When
buving and installing a lighting svsiem. it
is important o remember  that  the
iustallation is ot mainteoance free. The

components of any lighting Hxture can lail

and reguire maintenance similar to that of

a curtain systern. The swslermn can he
checked by
e measuring light levels
s checking individual components and
replacing them when necessary
Checking Light Intensities

There e a vuiety of light sensors on

the markei  which measure  jight  in
different  units.  namely  photometric.
radiometric  andfor  quantum  units.
Photometric  sensors  measure  light

according 1o the sensitivity of the human
eve.  The unus are usually expressed in
lux or oot-candle {f freandie = 10.8 fux).
Radiomealric sensors are sensitive 10 cuergy
Tux per unit area. These sensors are uscd

use  of

by melcorological stanons throughout the
world,  The units are oflen given in
Joules/m2/sec or Wan/m=. The radiation
measured with these sensors covers a frly
wide range twave length of 0.2-13unn.
Some radiomelric sensors measure only
the radiation in the visible hebt spectrum
(0.4-0.71m).
then presented with the notation of PAR
Active

These measuremenls e
(Photosvntictic Rudiutiony i
addition 10 \sz. Quanlunt SCNsors are
oltenn used for plunt growlh experiments as
the unils  correlate best with plam
photosynthesis with the units expressed
mole/miZfsee. These sensors operaie in the
visible spectrum (€1.4-0.7 reni) only.

Conversion of
Light Measurements

The conversion ol light units depends
arcatly on the light source.

For cenversion {rom global radiation
(0.2-450nm) o PAR, one has o
rernember that only one-hall of the global
radiation (solar source) is in ihe visible
spectrum and there (ore:
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EwymZ tglobal) = 2 3umol/sec/m?
nistead ol
I Wimd (PAR) = 4.6 nmolfsecim?

To c¢heck the light intensity of the
installanion, a lux mceler can be used. The
measurements should be taken a pight tso
thar supplemental lighis are the only ligh
hieight
(canopy). s advisable 1o ke a prid ot 4

sowrcel and also wloa o given
lghus and measure abowt 23 pomts wilhin
the area covered by the 4 Hghts.
Light Fixtures

During the summer months, there s
usually time to Jook i the operation and
maintenance ol the iight fxtures. This s a
job casily overlooked. but it can be costly
it not addressed.

There are several components in 4
lizht fixuse:
Bnlb.
lypes but HPS (figh pressure sodinmy is

There are several dillerent bulb

lhe most common, while melal halide
(MID) is less popular. The HPS types are
most common lor greenhouse applicatjons
due 1o high energy conversion elliciency
{elecrical into light). and longevity of the
bulb.  Moreover. the spectral quality of
HPS bulbs. in the yellow/red range. is the

Conversion from photometric, radiometric and quantum lights units.

umol/sec/ lux per umol
~m? per W/m? fsec/m?
Light Source 0.4-0.7 um 0.4-0.7um
Daylight 4.6 54
HPS RRY; 32
Metal Halide 4. o 71

Source: HortScience, 198318 (6).818-822
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mast efficiem for photosynthesis. In the
grecnhouse there is no necd [or addilicnal
bluc light (e.g. mietal halide fempsy. The
latter may be required in growth chambers,
where there is no natural light. Bulbs are
rated according (o light output and power

consumplion:
Bulb Qutput input
400W 50.000 lumen 475W
430W 53.000 lumen FO0W
600W 90,000 lumen 675W

An amportant point is thal the cstra
requiremenl [or the ballast {rransformer
plus capactior) s the same lor a 400W
bulb as tor a 600W  bulb.
important in terms of energy consumprion.

This s

Each bulb requires its own hallast. There
is one ballast for a 400W bulh and a
different ballast for the GOOW bulb. The
guestion is, can we replace a 400W light
bulb in a 400W {ixture with a 430W light
bulb?  Generally, the answer is 'Yes.
however, a 430W bolb draws an 8%
higher  current. which may  creale  a
problem Lor the breaker. This is especially
true when the breakers we already loaded
to the limit, o situation commoen in the
arcenhouse industry.

Another problem is that the light
mtensity (rom the bulb is slightly lower
duc o the lower wattage provided by the
ballast in the 400W [xture. On the other
hand. the bulb may last longer.

Bulbs deteriorate internally as well as
externally, The dile expectancy of un HPS
bulb Is  approximaiely 20000 hours.
However, alter 15,000 hours of burning,
the light output (hemenr per light fixtiere) is
usuatlv reduced by 10% und one should
consider replacing the hulb,

There is ot much that can he dene (o
reduce internal deterioration, but we can
prevent the decrease in hight outpul due to
reduced ligin transmission of the external
glass snrface.  Light fixtures can hecome

very dinty from dust and the applicaton of

pesticides through electrostatic application
of chiemicals. A 106 light loss per year is
common. L is important 1o turn the lights
olf whenever pesticides are applied. The
cold solution is hard on the hot glass and
chemicals can be burned into the glass
surlace, Before cleaning the bulb, turn the
power off' and let the bulbs cool down,
Cleaning is normally done using lukewarm

water with a mild deiergent. and drying
Bulbs should he
removed lor this procedure unless one has

with o soft cloth.
a removable relleclor.  Prevem finger
marks on the glass as well.

Reflector. Reflectors. which are generally
made ol anodized aluminum  get dirty
much the same as the lamps.  Again. a
lukewarm soap solution can be uscd.
Reflectors can be re-anodized but this

becomes an cconomic consideration.

Transformer. The  wansformer s
designed 10 bring the iu-house power
supply {120, 208, 240, 277, 347, or 480V)
o 110-120V, which is the voltage required
lor the operalion of the light, Excgssive
heat will reduce the dife tme of the
translormer. Newer housing designs allow
for a betier dissipation of the heat [rom the
transformer.

Although the life expectancy ol the

transformer 16 helween 10 and 15 years.
SOme uging may occur. I is nol Cisy 1o
1cst the operation of (the transtormer. bul
follow the instructions on the diggram (sec
nexl page.)
Capacitor. The capaciter funclions are
salcguard hetween the transtormer and the
hulb.  Tts {uncuon is 1o provide a (arly
constant voltage 1o (he terminals ol the
bhulb. by removing the high and low
fluctuations in the power supply.  The
capacitor  can bhe  checked  with a
capacitance meter.  The readine {or e
translormer and the capacitor should be
the sime as goled on the capacitor.

Ignitor/Starter.  The ienitor staris the
lights by providing a  high  voliage
(25.000V) 1o the light sockel. Although a
normal ignitor  can  run  many cvcles
(200.000-300L0003), 11 is the Jeast durable
componenl of the ballast, especially when

a lauhy buib is used.
Fixture Diagnostics

In order 1o check which component of
the fixture (bulh. transformer. capacitor or
lenitory is  defunct. the accompanving
diagram may be helpful for the grower
who does not have a capacilance meter and
only sone rudimentary 1oels such as &
screw  driver. a wrench. a lew  spare
components and a metal halide lamp. To
begin, turn the power ‘00" to a group of
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lixwres and determine which light is net

functioning  properly. There we 4

possibilities in a fxture:
1. light does not work al all
2. light pulscs On/Off
3. light provides a reduced ameunt ol light
4. light works properly

When a bulb comes o 1he end of ity
life On/OLL. Onher

svimptoms  are a4 brownish tinge on the

span. it pulses

outer glass envelope andfor blackening of

the arc tubz. In order 1o check out whether
the ignitor. lranstormer or capacitor is
When
replucing any of the parts. make sure that

tailing. use the Illow diagram.

the capacitor and translormer have the
same raiing (uFi. while the ignior lor the
light iz rated for a 400/430W bhulh or a
GO0V HPS bulb,

Summary

Understanding anel

of

the componenls
HPS

an fixture is

light

operation

importamt [or the praper operailon and
maintenance of a supplemental lighting

installation. A preventative maintenance
sciicdule for light Dxtures should be

followed perhaps as a job 1o do during the
summer.

Dr. Theo J. Blom is a1 the Horlicultural
Research Institute of Ontario, Dept. of Plant
Agricullure, University of Guelph, Vineland
Station, ON LOR 2EQ. This article reprinted
with permission from (he August 1998 Issue
of Priva Compulers, Inc. Priva info Newsletter,
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HID Lighting in Greenhouses

David Brault, PE and Richard Denis, PE
Agritechinove, inc., St. Anselme PQ, GOR 2NQ Canada

1.0 Introduction

The objective of this presentation is 1o
demonstirate the fundamental and praciical
considerations used at Agritechnove when
designing a supplemenltary lighting system
in a research grcenhouse. Some
fundamental concepts and definitions are
revicwed 10 provide a common vocabulary
of reference.  The practical

und  rame

aspects of the selecuon and layout of HID

luminaries are then discussed in lerms ol

Finally seme of the
technologics

performance and cost,

upcoming  lighting are

presented.

2.0 The Basics of Light

A vevicw of some of the hasic concepls
of the physies of light will provide a
common vocabulary for undersianding the
following discussion.

Light is an electro-magnetic
phenomenon where energy packels called
photons or quanta are moved through
Mathematically the

space in waves,

retationship of energy and wavelength is:

E=hxc
w
Where:
b energy of 2 photon
¢:specd of Light 2298 x 105 s
ji: Planck's constant 6.62 x 10°% 1
wiwavelength jnm

This means that the energy content ol the

quama or pholons will vary with 11s
wavelength, Light as humans sec varies in
wavelength from 300 am’ (blue) 10 800
nm (red). Wavelengihs oulside this range
exist, but are not visible, The whole range
of possible wavelengths is referred tw as
the electromagnetic  spectrum  and s
illustrated in Figure 1. Light is delined as
the radiation that can be perceived by the
hieman eve from 380 nm ta 720 nn.

The sensitivity of Lhe human eye 10
light varies with wavelength. This means
deniical will ke

aquantities ol light

U hm = namometer = 10'9 meler

perceived differemly by the human eve

depending on lhe color. Figure 2
lustrates the relutive sensitivity of ihe
human eye to light.  Lighting units and
lighting caiculations are based on this
FeSpoNse CUrve.
2.1 Lighting for plant growth
Plants light  for life

require VArous

Cosmic Rays
Gamma Rays
X-Ravs
U. v

sustaining prowesses which are:

1. Photosynthesis: carbon dioxide and
waler are taken up by the plant and
with light as the energy source.
carbohydrates (building dlocks) and
oxyeen are formed.

s

. Photoperiodism: plamis are able 1o
measure the daily dark period.
classifying them inlo short-day. long-
day and dav-neutral plams. Short-day
plants ower only il the length of the
dark period excecds a certain critical
value, Long-day plants flower only il
the length of the dark period drops
below a certatn eritical value.

e

Visinle Light

Infraregd
Radar
—_—
st Bk Grrser ‘et Red Fanrn FM
4 b } 4 —
400 5460 €30 7I0 Television
fnanomelers) x10 Shon
. 2 Wave
T Tt T T©T.1 T T T T T T T T ¥ T T T Lo
10" g 10 ¢ S lika 3 1t
Wavelength (meters}
Figure 1. The electromagnetic spectrum
1.0 4
08
Relative
Sensilivity
0.6 -
0.4
0.2 4
T T T T k. ¥ T —-F % °F T T
400 | 500 800 700 wavelengih
Viclet Blue Green Yellow Red Farred {nanometers)

Figure 2. Helative sens
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Flowering ol day-neutral plants 1s not
alTected by the length of the dark
period.

. Photomorphogenesis: effect of light on
the shape of a plant. For example,
some seeds germinated 1n the dark
develop elongated stems with

e

underdeveloped foliage lenves.

4. Phototrepism: plants arc able 1o
determine the direction ol lig
orient their lcaves, stems and flowers
Lowards or away Itom 1 (e.u.,
sunllowers,

5. Photoduimnancy: some seeds need light
10 germinate, (Booth 1994)

In a wally enclosed environment the

amount, duration and  spectral  quality

{wavelength and relative proportions ) of
the light provided can affect many ol these

functions.  In a greenhouse the lighting
systemr is used 1o supplement natural
sunlight for photosynihesis andd
photoperied  control. The  design

considerations Tor a lichting sysiem i the
former casc are (hus more complex. This
discussion  will  he
considerations tor supplemental tighting in

limited 1o the
L greennouse.

Plants do not respond 1o 1he same light
as  people. Plam
different. Figure 3 illustrates the relative

sensitivity is  also
quantum cfiiciency curve as determined by
the plant  response for
photosynthesis.  (MeCree 1972). The
speetral band between 400 i and 700 um
is reterred to as Photossnthetically Active
Radiation (PAIR).

Al this poinl 1t becomes important in

average

our discussion  w  deline  units  and
nomencialure. There arc three svsteams ol
hght measurement that are in usc by

suppliers and users of various lighting

Sysioms:

1. Photoimetric: These units are used for
human lighting applications. The uniis
are Lux or lurnen per square eter, or
{foot-candles (lumen per square {0ot).

12

. Irradiance: These units are based on
energy lluxes. The unils are W poer
squarc meter. When the enerzy ol the
light in the PAR spectral band is being
considered the units are referred 1o as
Walts per square meter PAR.

3, Photon flux density: Based on the

number of photens. Photosyvnthetic

Phelon Flux densily is the number of

RLUSERS

Quantum —/

7 Response

@
o

Relative
Response

Cf‘b }

\— Avarage

Plant
Response

T T T

T
300 400

T T T T AL SN B B S S

T
SO0 600

Wavclength {(nm)

Figure 3. Relative quantum efficiency curve

photons within 1the PAR spectral band.
Units are micro-moles per square meter
per second (nmol i, lormerty
known as microEinstem. This is the
prelerred units when referencing light

supplied 1o plants,

It is unportant 10 nete here  that
measuring  light  sources  measured i

photomeltric units (as scen hy the human
eve) s ot a gox] means of comparison.
The
Thimijan and Heins (1983) 1o convent Lux
1o umol 2 for different light sources
are presented in Table . Deilzer (1994
has developed similar conversion lactors.

comversion  tactors  developed by

For example 10,000 Tux of light from u
high pressure sodium lamp represents 122
umaol < me2, while 10.000 Lux of light

lamp
In hoth

cases lhe human eve perceives the same

fluorescent
)
m-.

from a cool  while

represents 133 umel ol

amount of light, but 10 a plant there is 10%
dillerence.  These conversion laclors are
also usetul when designing a lighting
system as all desien software and
performance dats of lamps and luminaries
are provided in pholomelric units (jux of

foot-candles),

2.2 Sunlight and Natural Light
Levels within a Greenhouse.

As the presen discussion is concerned
with supplemental lighting it is important
1o understand what is being supplemented.,
Figure 4 illustrates the spectral irradiance
radiation Al level.

ol solar sCil

Approximately 35 1w 43% ol this solar

cnergy Iy within the speciral bund of PAR.

The exacl  percentage  varies  wilh
almospheric conditions,  Also the 1otal
amount o solar radiation  will vary

throughout the year and [rom plwe 1o

place.
Table 2 presents  average  solar
radiation  dala for some  representative

cities across North America. Greenhouses

in more  southern  latnudes  will nol
necessarily  benelit  {rom  supplemental
liehting  from a  commercial — crop

perspective. However, research work  miay
be hindered by scveral davs ol low solar
radiation.  For example Davis Calilorniz
can be subject 1o [og for several days.

The data presented are average values
variation i figin

and demonstrate  the

received throughout the year.  In northern

latitudes cumulated solar energy received

Table 1: Conversion factors for converting Lux to umol 871 m™2

Light source Lux per mol 571 m-2
Sun and sky 54
Blue sky only - 52
High pressure sodium 82
Melal halide 71
Fluorescent {cool \vhilcf _ - 74

iref. Thimijan ard Heins, 19832).
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w the summer and winter can difter by a
[actor of 3, Plamls that do well under
summer light conditions may not receive
cnough natural light in the winter. Thus
the need for supplemental light.

We must note here that the previous
daty is lor incident solar radiation outside
the greenhouse.  The solar radiation that
gcts 1o the plant in the greenhouse s o
‘unction of the covering materiai.

Fieure 3 presents the transmissivity ol
different greenhouse covering malerials.
This data does not take into consideration
the  shading cllect of the structure and
equipment within the greenhouse noc the
greenhouse’s ridge line orientation. These
factors can  vary considerably  between
greenhouses. Our cumulated expericnce is
such that an overall transmissivity of 60 10
70% 18
erceniionse  sys(oms,
light
greenhwuse per Table 2 is actually about

used when designing the
Copsequently  the
incident energy received o the
63% of the values shown.

The peed for supplemental light can

also be  better  understood  when
considering the instantaneous light levels
within  the  arcenhouse. Table 3

sunumnarizes two estimates. high and low,
of 1he light level that can he reached in a
grecnhouse.

A a these

frame of reference lor

nambers, wheat leaves are reporied 1o
glfectively use up 1o 1.OO0 wmol vl 2
[or phetosywthesis and wheal  canopies
salurale at 2,000 pmol < im {Bughee.
1994 Consequently 1he caleulations in
Table 1 demonstrate how insutficient low
winter light levels can he lor certain crops.

Belore considering the issue of how
much supplemental  light  should  be
supplied, we also note that plants are light
integralors. such that a Jower hight level
can  be  compensated by a  longer

rholoperiod.

2.3 Supplemental lighi within a
research greenhouse
The  preceding  discussion  has
nighiighted the following [actors that will
affect the amount of supplemenial light 10
be provided i a research greenhouse:
= natural light levels
= rapsimissivily of the greenhousc
simcture and glazing

25 1
20 A Sclar speciral imadance oulside aymesphere
& spectral imadiance at sea tevd
1.5 1
kW m“pm’
1.0 4
05 -
o |
) 5D 1C5) 15 2000 VI
Wavelength (nm)
Figure 4. Solar spectral irradiance
Uitraviolel |Vwoleli Blue | Grgen IYeH.IOranl Red T
100 | Tun‘s Radiation |
-, 30 r =
2 80 - 1
Q r bowca 4
Llc.l 70 | oiycarconale Fiberglass ]
q>3 60
£ 50T Rigid P.V.C.
T 40 |
o T
C 30+
20 +
10 ¢ Acrylic 1
0 l ! | i L 1
300 400 500 600 700
Wavelength (nm)
Figure 5. Tranmissivity of various greenhguse covering materials.

{Ref. ASAE}

= [hvsical characieristics ol the
greenhouse

= 1ype ol planis requiring supplemental
light

= aceeplable pholoperiod

These parameters could be integrated
o a complex engineering tormula  thal
would delermine the light level o provide.
Much work has been done for commercial
applications (o optimize the best economic
supplemental  light  level  for  various
grecnhouse crops (Gosselin 1988),

However the essence of the  past len

veurs of design experience al Agrilechnoyve
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with respect W supplemental light levels

be provided in rescarch greenhouse

based on:

= the previous expericnee ol the users

* the cxperience of other rescarch
facilities deing similar work

= he amount of money available for the
project.

The supplemental light levels insialle
and obhserved at various facifities across
North America in the last 10 vears allow:
us 1o categorize the reqaired light levels
lollows:
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Table 2A. Average daily horizontal solar radiation {MJ/square meter) (Hef. ASHRAE 1995;

Location Jan, Feb, | Mar. | Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec Totul
Montreal, QC 53 8.7 12.4 16.0 19.0 20.3 21.0 17.3 13.5 8.1 4.6 39 2.5
Portland. OR 3.5 6.4 10.1 14.8 18.9 20.1 232 19.1 13.9 8.2 4.4 3.0 12.2
St-Louis, MO 7.1 10.1 13.7 17.7 21.2 23.8 233 20.6 16.6 12,5 hl 6.0 5.1
Boston, MLE 5.4 8.0 1.6 14.9 15.4 20.6 19.9 16.9 14.3 0.0 5.7 4.6 [2.3
Los Angeles, CA 10.6 1377 18.4 222 23.6 24.0 20.6 233 189 4.9 il4 9.7 is. |
(ref. ASHRAE 1995]

Table 2B. Average day length (hours)

Location Jan. | Feb. | Mar. | Apr. May [ Jun Jul. Aug. | Sep. Oct. Nov Dec,
Monltreal, QC 0.2 1.3 i2.0 13.6 14.8 154 14.9 13.7 12.0 1.6 9.2 8.6
Portland, OR 9,7 i0.5 12.0 13.6 14.8 15.4 [4.9 13.7 12.0 (0.6 9.2 3.0
St-Louis, MO 9.8 10.9 12.0 13.2 14,2 4.0 14.3 133 12.0 10.9 9.8 9.4

Bostan, ME 9.4 10,7 12.0 13.4 i4.0 151 14.6 135 12.0 10.7 9.5 8.9

Los Angeles. CA 10.1 11.0 12.0 13.1 13.9 14.3 14.0 13.1 12.0 1.0 10 9.7

30-100 umol s lm-2
This level is most olien used wherever
work 15 done on greenhouse crops as
the research stays mostly with indusiry
levels, (10-20 W/sg.m. for HPS)

100-200 pmol s'lm-2
This level is most ollen used in the
Northeast for work with vegelable.
fruit and lorage crops. Fow users in
this category are adamant about the
light source. HPS is acceptlabie. (20-
40 W/sq.m. lor HPS)

300-400 umol s~ im2
This level s used lor cereal crops and
il seeds, olten n the mid west. Some
users may want 1o have metal halide
for its speciral gualities, Lamps arc
often suspended closer 10 the bench to
increase the light inlcasities. (60-80
W/sg.m, lor HPS)

2.4 Supplemental light
sources lor greenhouses

Rather than prescnt the spectral cutpul
ol all possible lamps thal can be used in a
greenhouse  setting we  shall limit our
presentation here (o the lamps (hat are
requested within our pregects. They are in
order ol importance;  High  Pressure
Sodium (HPS). Metal Halide (MH) and
Fluorescent, their

Figure 6 presents

spectral  output  in lerms  of relative
quantum yield.

HPS and tluorescent famps provide
their cnergy in the spectral band where
MH

lamps provide their energy over a wider

plants are most efficien! in using it

spectral band. Because the ¢nergy is more
evenly distributed MH  lamps
preferred when more blue light is requircd

can  bhe

for growth regulating lunctions. The same
can be said or fluorescent lighl.

Table 3. Range of light levels in a greenhouse

The request for MH and {luorescent
lamps are relatively rare. The majority of
projects we have been involved in have
HPS Within  the
approximately 30 prosramming and desien

used famps.
mandates in the last 10 years we have not
mel any users whe were adamant aboul the
need Tor MH or fuorescent lamps in a
greenhouse.  Nor did these researchers
have any empirical data (10 jusiily their
requirement.  Their prelerence was bascd
ol the fact that these light sources worked
well in the past and they wished 10
conlinue with them.

HPS Lamps are the most efflcient in
lerms ol energy conversion oo light
foliowed by MH and tfluorescent lamps.
Their rvespective conversion efficiencies
{ballast ncluded) are 28%, 27% and

190G, (ref. Both 1994,

High estimate

Low Estimate

1) Exterior solar radiation

Bright summer day:
1,000 W/square meter

Overeast winter day
no direet sun:
400 Wisquare meter

(I(2)5(3)%(4)

{2) Overall transmissivity of ercenhouse 709- 60%
(3) Fraction ol solar radiation s PAR 0.45 0.35
i) nmol sim2wm 2 PAR 4.57 4.24

umoj s Im™ inthe greenhouse 1.459 415
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HPS lumps have by [ar the major

portion ol the  market  with  several

supplicrs available. The clficiency of the
reflector and its maintenance will affect
the luminaries overall elficiency.  Also it
should be noted that most MH lamps
require a barrier under the lamp for salely
reasons and this can reduce the light being
supplied.

3.0 Lighting system design

The design of a supplemental lighting
system will normally have two objectives:
intensny and untlormmy . The required
mntensily must be defined for a given
distance from the lamps. We ey 1o oblain
the required intensity at the bench {op or
mid-plant hetght. In the former case the

design Is conservative as the plants will be

400 500 600 700
Wavelength (nm)

subjeel W higher levels as Lhey grow
(Intensity will increasc with heighty. Tt 15
tmporiant o check  that the unilormity
remains  acceptable with the maximum
design plant heighl, In many cases lhe
requirement of adequately lighting the
plant  canopy 1o its  maximum  heighm
pushes the greenhouse eave 10 4.3 melers
(14 lect;.

reguired the Juminaries can be installed on

When very ligh intensities are

2 mobile canopy Lo keep them al an
canopy.  Wo should alse mention  (he
importance of keeping a mintimum distance
between the up of the plants and the lamp

bulbs.

3.1 Luminary lavout and uniformity

Luminaries normally have

characteristic  photometric  curves  (hal

Page &

describe the intensity ol the light cast as a
function of distance. This data is used 10
caleulale the intensity of the hght supplied
by a given lavour of luminaries. Figure 7
shows a wypical photometric curve for a
greenhouse luminary reflector.
Calevlations of light intensitics with
dore
specialized software.  Most major lighting

photometnie  data  can be with

manulaclurers have developed
sophusticated  sollware to help  building
designers and architects design lighting
svstems {or buildings.

take the luminary layoul and photomeiry

These programs

into consideration as well as the physical
layvout of the room including the reflection
from the waits.  These programs cau he
used 1o calculate the lichting intensity and

uniformty in a grecnhouse comparunent.
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A simplified version ol these programs
s uscd for parking iot design.  These

programs  assume  an  inlinile
such that they neglect berder
Greenhouse luminary

desion

luminaries,
and cetiing effects.

manutacturers  who  provide
calculation often use this lype ol program.
This
praxduction ereenhouse. Caleulanions for a

with a

approximation  is  ovalid  n 4

small
“parking lot type” prograin can be done

greenhouse  compartment

willl certain assumptions and adjustments.
The end resull may not be as precise as

using the sophisticated “room”
salculations,
The less precise calculation remains

acceptable because the objeclive i3 1o
obtaln with
required research

best  unilormity the
Any

comparimeiit is

the

intensity.
greenhouse relatively
small and will not have o very good

uniformity (compared 1w© a production

ereenhouse wiih a virtually infinite grid of

luminaries). The exercise of doing the

calculation s aimed at determining the
relatively betier layout and not the precise
results,
Uniformity is measured in lighting
caleulations as the rativ of the Minmmumn

and Maximum iniensities calculated as

well the ratio ol the Minimum  and

Average intensities.  This dilters lrom a

statistical uniformity calculalion.  Again
we nole our objective is to determine the
best layout in a relative fashion.

Figurs 8 shows an cxiract of design
program calculation lor & large and small
The  ditterence  in
uniformity is about 13% .

comparument.

3.2 Wiring and control
The
disiribution for lighting system will be

design ol the  electrical

erid of

Figure 7. Typical photometric curve for a greenhouse luminary.

based on the supply volitage that is used.
As in Table 4. the higher the
voltage the more lamps that can be carried

shown

ona |3 amp cirenit.

Our standard praciice is 1o use 208 V
or 2400 V. Higher
recommended pecause of the danger 1o

vollages  are not

users in an insttutional situaiion where

lamps are moved around.

In ierms of control, the lights are
normally powered through an electrical
panel and switched threugh a  motor

control center with contaciors activaled by

the control svstem.  We have developed

the use of motorized breakers on the panel

boards 10 minimize cosl and save on

electrical room space. which in the former
the

case Increase dramatically  because

large number of lights normally used.

4.0 Lighting for insects

[nsecl rearing in greenhouses s un

Table 4: Lamps per 15 amp circull as function of voltage.

Larmp
430 W HPS 600 W HPS 430 HPS/ GOO W HPS 4
current draw current draw I3 A circuii 13 A circult
Vollage {amperes) {amperes)
120 59 52 21 2.3
208 2.3 3.4 3.0 4.0
240) 29 2.0 4,1 4.6
277 2.7 23 4.4 3.2
347 2l |8 5.7 6.6
480 1.3 1.3 3.0 9.2
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activity requiring  special - consideration.

The considerations used so lar in the

design of a supplementary lighting system
hold lintic value when it comes to inscals.
More ollen than not. insects need UV
radiation in order © see their food. 10
engage in maling praclices and 1o generally

like

The usual supplementary lighting

function any other insect Iree in
nature,
sources used in research generate vers
litle if any UV radiation. As will be seen
in the upcoming light source section of this
document, new hght sources nol yel in
or

course, the use of available UV lighting

general use do provide UV radiation.

cquipment is alwavs possible,
The problerm is compounded by the

thai materia)  for
uv

contained in the sun's specirum. A single

fucl most  glazing

ereenliouses  remove  1most light

laver of gluss, for instance, will cut

between 40%% and 30% of the available
UV radiation.
will often prescribe the use of laminating

Local construciion codes

(1ims to ensure shards of glass will not fall
on workers. These hlms, alimost without
exceplion, will absorb more than 90% of
The net

almost

the available UV [rom the sun.

resull  for  the  insects iy an

permaneni near “darkness”  inhibiting
their behuvior.

In our experience. researchers leading
scientific programs involving insects have
learned 10 deal wilth this and can still

generally oblain acceptable  results. It

remains nonetheless that insect rearing in
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lfluminance in the Calculated Area

IE 3% R g% 3% 6* 7% g* 9 10* 11*
I- | 760.0 759.8 7582 7555 753.7 7528 7537 7556 7882 759.8 7600
2. | 7831 V636 7631 7627 7614 TR10 VE14 7628 7631 7635 7631
3 | 7508 7320 7559 7588 760.3 761.0 Y60.3 7588 7559 752.0 7508
3. 7391 7417 747t 7B27 7895 Y625 7594 7527 7472 Fat7 730
3- 7468 7499 7575 7668 7766 /B0 7765 766.7 7574 7499 7468
6- 762.7 7682 7739 7873 7959 7996 7958 7871 7738 7B61 7627
7- 746.8 7499 7575 766.8 7766 7BOS 7765 7667 75Y.4 7499 7468
8- 7390 74v7 7470 7527 7595 7625 7594 75207 7470 41T 7340
9- | 750.8 7520 7559 7588 760.3 761.0 760.3 7588 7558 7520 7508
[0- | 763.1 7636 7631 7627 7614 7610 7614 7628 7631 7835 7Bl
i1- | 760.0 7598 758.2 7555 753.7 7528 V53.7 7556 758.2 759.8 760.0

llluminance: Emin = 735.1 Feotcandle  Emax = 799.6 Footcandie

Unitermity: UG (Emin/Emax) = 32% UO (Emin/Eav) = §7%

Emin. = Minirmum light level in the field
Emax.= Maximum light level in 1he field
Eav.— Average light levet in the tolal field

Eav = 760.2 Footcandles

UG, = Emin. / Emax. {2 pcints in the field)
UO. = Emin. /s Eav.

{reai uniformity)

Figure 8A. Lighting System Design for a Large Area (Ref. PL Light)

rescarch  greenhouses  or i growth
chambers  could use some  Innovation
regarding the UV ligln available 1o them.

5.0 Upcoming light sources

Twao upcoming new light sources that
could be of interest for supplemenzal light
i grecnhouses are presented here. Nowe
that the greenhouse industry  is not
sulficiently Jarge 1o incite new  lighting
technologics. These  are normally
developed for other markels and i¥ they are
uselut in greenbouse they will eveutually
(ind their way 1o this markel,

Microwave Sulfur Lamps

Commereial units for greenhouse

mdustey became available m 1997,
Lamp was {irst created in 1990 after 20
vears of rescarch und development. As
ol March 1998, unit still ol UL
approved. Sold under the name “Light
Drive 10007 by Fusion Lighting, Inc.
For Horticultural applications, contact
Bob Edberg, at Bio Logic Technologies
in San Josc, Calilornia (Ph.: 108-873-
1619) (FFax: 408-873-16101.
Alrcady tested at several locatious,
iuwcluding Duke University, Cornell,
University of Wisconsin, NASA.
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USDA. Guelph University. al several
private grower Lacilities and a1 various
locations in Japau. the Netherlands and
Sweden, Several non-herticultural
projects completed so far, including
museuin, auto plants, clean room,
highway signage, aquarium lighting.
shopping centers, subway stations, elc...
Opcerates on the excitation of sulfur and
argon using microwaves. Sulfur ereaies
a while brilliance very similar 1o
sunlight bul with much less UV and [R.
From an AC source, a power supply
fecds @ magnelron gencraling
microwaves exciting the bulb. A small
blower wheel ensures venlilation of 1he
unit.

Longer lite expectancy than other
horticultural Hght sources: no electrode.
no llament. Magnetron needs
replacement cvery 200000 hours. 2
magnetrons supplied with cach tixuure,
73% ol oulpul in visible light. 27% of
output UV (0,145 under 380 ) und
IR (8% of outpul above 780 nm),
Lamps produce 60% less wial heal than
metal halide lixtures. Seems pertect for
srowth chambers: adds less 1o cooling
ioad than any other (vpe of light.

High conversion rate, in the range of
90-110 lumen per wati. mgher than
ather light sources except new HPS
lamps.

Commercial unit available ai 1425 W
tput power, 200-240 VAC @ 30-60 H/
or 277 VAC, 30-60 Hz. all single phase.
Selling price 10 OEM around $1800-
$2500. (End user should expect 30 10
40%. above thaty, Lamp weighs 7 kg
including power supply.

Keeps its Jumen output over 60,000
hours (100%) if kept clean. No
observable color change over life of
lamp.

Light is “dipunable™ from [100% 1o 30%
of eutput with hittle color chunge.
Several reporls from Universities
already reporl significant (2-3 Limes)
heavier dry weight of plants, reduced
secd-to-harvest time [or corn, reduction
in leaf’ temperature and heavier and
larger Tower buds for roses, ete.
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Figure BA & B Note:

This calculation is made with one exagt measured light
fixture in a perfect condition. Because of this ycu may
experience scme variance in light level due ta vcliage loss,
dust, mcunting, temperalure, greenhouse installaticn and
loterance of buib and ballast unil.

6.4 o
; 32 1.6 }
T R
od
©“
E) B 3
D
il | ‘
\
- |
E) Eﬂ TS
0
o
llluminance in the Calcuiated Area
1+ 2+ R 4+ 3+ fi- 7+ 8+ Yy 10+ 11+
1- | 6170.0 B2808 6355.6 64221 64854 64857 64555 63937 62261 62381 61210
2. [ B561.1 6678.2 67406 67769 67845 67883 67817 67645 67222 66425 65024
3 6882.4 7025.1 7106.8 71406 71207 71072 71339 71385 7079.3 6978.1 68262
4. | 7143.0 72598 73184 73447 73490 73675 73501 72352 73040 72222 70803
5- | 7409.9 75401 75955  TA165 76294 76325 TR27E 78048 75830 78052 73477
6- 75414 76887 77440 77775 77893 77877 77852 FIV20 77136 76229 74764
7- 74089 75492 75855 TB165 76294 TE325 76278 /6D4.8  THR3.0  7505.2 73477
8- 7143.0 72588 731801 73447 73490 V3675 73501 73352 7304.0 72222 70803
9- 68824 70251 71C6.3 71406 71207 71072 7133.9 7i3B5 70793 6978.1 6826.2
10- | 6561.1 B678.2 67406 67770 67845 67883 67817 67645 67222 66425 65024
11- | 6170.0 62B0.B 63556 64221 64634 64857 64555 63937 63261 62381 61210
llluminance: Emin - 8121.0 lux Emax - 7789.3 Eav=7138.9 lux

Uniformity: UG (Emin/Emax) = 79%

Emin. = Minimum light level in the field
Emax.= Maximum light level in the field
Eav.= Average light level in the total field

UQ(Emin/Eay) = 86%

UG. = Emin. / Emax. {2 points in the field}

UO. = Emin. / Eav.

{real uniformily)

Figure 8B. Lighting System Design for a Small Area (Ref. PL Light)

® Still some concern with potential
problems created by accidental water
splashes of heated lamps.

Xenon Lamps

= Not much information al this point as 1o
the commercial pertinence of this 1ype
of lamps both for research and
commercial applications.

= [Have been on the market lor several
years.

= Current applications: cosmetics,
dermatology, solar energy, aging 1esis
{(durabiliry), biodegradation losts.,
aerospace, medicine, dentistry,
environmental simulation chambers.

= Products available are confined beam
applicalions, not very applicable 10
greenhouse lrghting at the momenl.

Excellent color constancy throughout
operating lifetime. Light source is
reliable and siable.

Control spectral oulpul possibie threugh
use of filters an sciccied vplics

Xenon based lamps simulate spectrum
of sun, from 250 nm to 1 1530 nm and
above. with close 10 50% of cutput
Petween 400 and 700 nm. Xenon
lamps’ output generate much heat, that
is have a significant percentage of the
produced radiation in the mitrared and
above.

Lamps available from 230 1o [0 W
for small scale applicalions and (ron
1000 10 7000 W for larger operations.
A standard solwr sitnulator comes with o
Xenon arc lamp. a lamp heat sink. lamp
sockel. o lamp power supply, lamp
housing. optics, filter holder, air mass
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fihers. beam deflection mirror and
flexhose for ozone removal.

= Options are available 1o dissipate heat
(IR radiatien) and reflect UV and
visible light, All kinds of other options
like electronic shutters, variable iris
diaphragms, cte. are available.

= Tuwo manutacturers consulted
mentioned they have no application
currently running in greenhouses but
poth menticned they were highly
interested to discuss further this tvpe of
application.
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AERGC 1999 Annual Meeting

Educational Aspects of Plant Collections

July 28, 29, 20t and 31
Boulder, Colorado USA

Hosted by the

University of Colorado at Boulder
and lhe

Denver Botanic Garden

AERGC 1999 Annual Meeting

This  year's  evenl  will he  the
AERTGC s 131th Annual.
another annual

inpm lor successiul

meeting. Some suggested lopics for talks

at the meeting include:

Displays

Labeling

Crops witl special plant
features/struclures

Pest contral/IPM/Biological Controls
Scheduling/tining
Cosls

Services

Facilities

Collections

Special collections

e,

Please consider contribnting to the mecting
by elving a1alk on ene ol these or a relaied
subjecl.

We neod vour

Wo o will aeain have both the Plam
Exchange (lor USA folks only this nme)
and the Member Slide Session.

Tom Lemicux is working on arranging
the details for the mecting  including
speakers. housing, (fieid (rips. sponsors,
tour, etc. It you  have  suggesiions.
questions or comments about the mecting,

contact Toro al:

Tom Lemicux

EPPO Biology

University ol Coloradoe

CB 334

Boulder. CO 80309 USA
303-492-7300. 303-492-8699 [ax
thomas.lenieux@ colorado.edu

We ook lorward 1o seeing you in
Colorado this uly.
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Association of Education and Research Greenhouse Curators

AERGC
c/o Department of Biology

University of lllineis at Urbana-Champaign

265 Morrill Hall, 505 S. Goodwin Ave.
Urbana, IL 61801-3783 USA

The AERGC E-Maif Forum

The AEAGC E-Mait Forum s convenient and
ocpular way to communicate with your colleagues
acress lhe continent.  The Forum, an e-mail
discussion group, is a Iree service provided by the
AERGC. Subscribing is easy and the Forum is
aulomatic once you subseribe. To subscribe 1o the
AERGC E-#ail Forum, address an e-mail message
te:

majordomo@lile.uiuc.edu

Leave the “subject” feld Clank and enter a
command with (he following formal inte the body of
the message:

subscnbe agige

Within & day of sending Lhis message, you should
receive an ackrowiecamen! of acceptance as a
subscrber to Forum as wet as more delailed
instructions of how Lo use the system.

You are encouraged 1o subscribz and participate in
the Forum by posting items of interest lo your
greenhouse / plant growth facility colleagues and by
replying 10 messages from other subscribers. This
may include information. questions. answers and
discussions on greenhouse Syslems, pest control,
biological conlrols and greennouse IPM, equipment,
supplemental  lighting, management policies,
greenhouse  environmental control  systems,
operating tips, current events, greenhouse design,
job openings., planl cullure, plant and seed
gxchanges, growth chambers, elc.

H you have any queslions or need help subscribing
1o the Forum, please contact Jim Kramer al:

|-kramer@uiuc.edu or 217-333-3058

The AERGC Wet Site:

vww life.uiuc.edwaerge!




