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 Greenhouse Lighting  

Systems and Controls  

Greenhouses are a proven asset in overcoming marginal, or what would be considered 

poor growing conditions within a region.  Greenhouses allow us to control key 

environmental factors such as; light, water, temperature, atmosphere and fertilizers 

thereby allowing the grower to overcome less than ideal, if not impossible, site specific 

conditions and manage successful crop production.   

 

The purpose of this presentation will be to illustrate the importance of available sunlight 

and how the proper supplemental greenhouse lighting system can be used to augment 

insufficient  sunlight periods.  We will also look at traditional supplemental lighting 

systems compared to newer generation, high efficiency, lower wattage technologies 

relative to these key greenhouse supplemental lighting issues:   

 

Crop Considerations 

• To provide adequate light during times of insufficient natural sunlight  

• Increased yields and improved crop quality through improved photosynthesis 

• Assure proper timing of crop to market 

• Eliminate crop stress associated with sunlight fluctuations 

• Meet plant’s Daily Light Integrals (DLI) requirements  (Mol/m2/day) 

• Manage both immediate and DLI (uMol/m2/s & Mol/m2/day) saturation levels 

• Species specific required daily sunlight integral  (hours per day) 

• Maximize greenhouse and acreage investment 

 

Lighting Considerations 

• Lowest energy consumption while converting electrical energy into usable plant light 

allows more lights per circuit and reduced operational costs representing a high ROI 

• Lamp life; spectrum stability & low lumen depreciation lowers lamp replacement costs     

• Lamp; environmental impact, proper and improper recycling, total carbon contribution.  

• Luminaire; integration with primary (master) control systems 

• Luminaire; on board (slave) instant on/off and instant dimming capabilities  

  

Control System Considerations 

• Ability to maximize lighting efficiencies by commanding instant on/off & dimming 

• Ability to both cumulatively and instantaneously control by simple user defined on/off 

ambient light thresholds or to integrate with more complex systems consisting of  
hardware/software SCADA, CO₂  synchronization, Pyranometer and PAR/Photometric 

Sensors systems and controls   
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 An Introduction to Light  
The differences between human and 

plant utilization and measurement  

It is important to remember that plants perceive light differently than humans as our 

strongest visible spectrum responses are in the 510-610 nanometer (green/yellow/orange) 

regions of the electromagnetic spectrum.  Plants respond best to wider spectrums that fall 

between the 400-700 nanometer Photosynthetic Active Radiation (PAR) regions and as 

such require PAR meters designed to measure these regions.  

 

   

  

 

 

 

 

 
 

To define the ideal supplemental lighting system which will act to offset any loss of 

available sunlight and optimize photosynthesis, flowering, climate response, (temperature 

and water loss), plant shape (photomorphogenesis) and phototropism, which describes the 

plants ability to orient their parts towards, or away from the light source, we can’t rely on 

human vision measurement standards.   

 

A better way to measure plant lighting is to determine how much energy the lamp 

consumes and how much supplemental lighting within the PAR regions actually makes it to 

the plant surfaces.  These measurements are made by collecting the data relative to the 

quantity of photons, referred to as a unit of measurement in micromole (µMole) which is a 

packet of light energy that is pure energy and has no actual mass.  Its Energy is a function 

of its wavelength as defined by E = hc/λ, where h is Plank’s constant, c the speed of light, 

and λ the wavelength.  Intensity is a function of how many photons strike a specific area  

over a specific rate of time.  Two standard measurements used are µMole/m2-sec for 

instantaneous values and ***Mole/m2-day for total daily quantities which will be discussed  

in greater detail in the next chapter.   

 

Human vision is described in units that define how 

we perceive color (CRI), Lumens (corrected human 

vision values) and intensities measured in square 

meters (lux) or square feet (foot-candles) requiring 

meters, or  photometers**, calibrated for human 

vision functions and therefore ill-suited to providing 

PAR data necessary for determining conditions 

ideal for maximum plant photobiological responses.  

*Kelvin temperatures shown are an approximate correlation to a specific wavelength emitted as a single narrow bandwidth of light. 

 

**The main difference between a photometer and a PAR meter is that the PAR meter does not adjust it’s readings for the spectral sensitivity 

(the luminosity function) of human visual perception of brightness.  

 

***The term Mole is used because it represents a standard large number often used in physics.  A Mole, also known as Avegadro’s number 

is 6.022 x 1023, it does not have units as it is just a number. The number is based on the mass of elements, if you had 6.022 x 1023 atoms of 

a particular element its weight in grams would be equal to its atomic weight from the periodic table. A µMole is a millionth of a Mole or 6.022 

x 1017. 2 



 An Introduction to Light  
The differences between human and 

plant utilization and measurement  

Occasionally grow lamp manufacturers will post the lamps PAR output in overall photons 

per second.  This is a grow lamps equivalent to lumen output when measured in all 

directions and you’ll see it referred to as the lamps photosynthetic photon flux, or PPF 

rating.  The PPF value does not encompass the number of photons striking a given area in 

a given period of time and is less preferable than a photosynthetic photon flux density 

reading (PPFD) in which the number of PAR region photons striking a meter squared, per 

second (µMole/m²/sec) is known.   

 

Another way growers like to measure light for plants is by PAR Watts. What this refers to is 

how much light energy is available between the PAR 400-700 nanometer ranges that the 

plant requires for photosynthesis.  When referring to PAR Watts it’s important to not 

confuse this value with the lamps actual consumed wattage rating.   

 

While some of the information requires a high degree of understanding relative to lamp 

science and the physics of light itself, much of this information is foundational in that armed 

with a quantum meter, measuring available sunlight conditions and adjusting for seasonal 

variations, will represent a good place to start in determining how much additional light 

your crops will require to meet the plant type(s) and desired rates of growth based on ideal 

maximum daily Mole counts.   

 

In the following chapter we will introduce to you the science of how much light, based on 

region and time of year, you can expect from the sun when measured outside your 

greenhouse over the course of a day.  This will allow us to understand the importance of 

Daily Lighting Integrals to our specific plants daily photosynthetic absorption needs and 

what is required of the grower to provide those levels in the greenhouse environment.   
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Daily Light Integrals    

The term Daily Light Integral, or DLI, is used to describe the total quantity of PAR region 

light delivered over the course of an entire day as a moles per day value.  As you will see 

this daily aggregate amount of light is of greatest value when defining the daily light levels 

your plants require for successful growth. 

 

 

 

 

 

 

 

 

 

The advantage of an integrated measurement over an instantaneous measurement can be 

demonstrated with an analogy; If you want to know how much rain fell during the course of 

a day, you would place a bucket outdoors and record the volume of water collected over 

that day. Whereas, recording the intensity of rainfall at one instant, e.g., the raindrops per 

second, would be of little value. Similarly, knowing the quantity of light delivered throughout 

the day is much more useful than taking a µMole/m2-sec middle of the day measurement.  

PAR region measurements within a meter squared of an 

instantaneous ‘moment in time’ value are represented as 

µMole/m2-sec.  When we wish to take this information and apply 

it to an integrated daily measurement of how many moles per 

day our plants require for optimum growth, we are best served 

by knowing total Mole/m2-day required from a combination of  

sunlight and artificial lighting systems to meet those needs.   

Source: Mapping monthly distribution of DLI across the contiguous United States (Pamela C. 

Korczynski, Joanne Logan, and James E. Faust; Clemson University, 2002) 

By referring to established 

resources, such as the chart 

on the right, we are able to 

factor outdoor sunlight 

contributions based on 

regional and time of year 

conditions.    

 

Sunlight levels increase and 

decrease dramatically during 

summer/fall production 

having a tremendous impact 

on plant growth and quality.  
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In deciding which supplemental light system is right for a particular location we have 

researched how much sunlight may be expected from the outdoor DLI maps in that this is 

the amount of sunlight which can be expected to strike the outside of the greenhouse.  

But given those outdoor DLI values, surprisingly only 30 to 70% of light measured outside 

the greenhouse will actually ever reach the greenhouse crop.   

 

Growers should not be fooled by high percentage transmission greenhouse glazing 

materials as relative to how much outdoor sunlight is making to the plants within.  While 

polyethylene and glass may transmit  up to 90% of the light that strikes these materials in 

a perpendicular orientation, the greenhouse infrastructure (structural beams, lights, 

hanging baskets) are at some point temporarily shading portions of the crop.  Sunlight  

that hits the glazing material at a low angle, such as in the winter or early or late in the 

day, is often reflected outward, away from the greenhouse.  Additional factors such as 

materials aging, dust, condensation, hanging baskets and shade cloth will even further 

reduce greenhouse light transmission.   The only way to really know the outdoor to indoor 

light transmission values for a particular greenhouse is to actually take simultaneous 

indoor and outdoor measurements to determine light transmission losses. 

  

On the following page we’ll illustrate three examples of different daylight scenarios for a 

winter day at a northern latitude.  The three examples are for a normal average day, a 

cloudy day, and a sunny day.  Daylight hours are from 8 AM to 4 PM. For the chosen light 

spacing, we add up to 300 µMol/m2-s of induction light with a dimmer capability of 

changing the light output variably from 300 to 150 µMol/m2-s.   

 

An algorithm was used to determine on/off and dimming control of the induction light. The 

main consideration of the control algorithm was to not exceed the plant light saturation 

level  of 800 µMol/m2-s at any time and to achieve the total desired daily light exposure of 

24 Mol/m2 per day.  When measured on an absolute basis final results show us within 6% 

of the target values and well within normal natural variations.    

 

To improve on this particular control routine, the addition of a Daily Light Integral 

instrument would be necessary to determine once the desired total daily exposure has 

been reached. The only problem is that the grower may not want to turn off the lamp, 

since in this example the lamps were run an additional 3 hours beyond natural sunlight. It 

depends on the crop and how it reacts to varying hours of light on a day to day basis. 

 Aiding Nature  
Effective Supplemental Lighting 

Contribution  
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In this example for an average 

winter day,  Sunlight contributed  

15.8 Mol/m2 and the Lamp 

contributed 36% or 8.9 Mol/m2 for a 

Total of 24.7 Mol/m2/day,  only 3% 

over the daily target of 24 Mol/m2. 
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In this example for a cloudy day,  

Sunlight contributed 9.0 Mol/m2 and 

the Lamp contributed 58% of the 

daily Mole count @ 12.4 Mol/m2 for 

a total of 21.4 Mol/m2/day,  

representing only an 11% short fall 

of the daily target of 24 Mol/m2. 

In this example for a sunny day,  

Sunlight contributed 18.7 Mol/m2 

(only the amount less than 800 

uMol/m²-s was counted) and the 

Lamp contributed 27% or 7.0 

Mol/m2 for a Total of 25.7 

Mol/m2/day,  only 7% over the daily 

target of 24 Mol/m2. 

 Aiding Nature  
Effective Supplemental Lighting 

Contribution  
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By adding artificial light sources we are able to control crop growth and development 

in the following situations: 

 

• Available sunlight levels are lacking due to region or time of year 

• Complete replacement for solar radiation for indoor grow rooms 

• Photoperiod lighting to influence or stimulate photoperiod dependent plant 

responses such as flowering or vegetative growth. 

 

The need and quality of the supplemental lighting system is then determined by: 

 

• The light requirements of the species 

• The natural day length  

• The average hours of actual sunlight 

• The sun angle, intensity (time of year, latitude and weather) 

• The amount of structure induced shading 

 

In many regions the decision to install supplemental lighting is driven by a 

predictable lack of sunlight due to inclement weather patterns or in regions located 

between 40-80 degrees latitude where in the winter months there is insufficient 

sunlight levels for successful greenhouse growth.  For example, parts of Washington 

and Oregon average between 2 – 3 hours of sunshine per day during the winter 

months and because of the relatively low sun angle, the overall intensity can be 

reduced to as little as 5% of the levels that would seen during peak summer months.     

 

While these regions are obvious areas for supplemental lighting systems, with the 

emergence of new generation lighting technologies, the grower has more options 

when considering ‘smart’ lighting technologies which provide energy efficiencies 

beyond that of the traditional HID and fluorescent systems.   

 

By reducing operational and maintenance costs with optimized supplemental lighting 

systems and controls, we create increased profits to those growers using 

supplemental lighting systems.  With energy efficient and longer life technologies   

the benefits of these systems may now be extended to growers within regions that 

had previously not considered adding these systems. 

 Supplemental Lighting Factors 
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.  

Min - Max Acceptable  Levels of Light for Crop Quality 

Minimum Good High

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Dianthus (Carnation)

Gladiolus (Cut Flower)

Lycopersicon (Tomato)

Rose (Cut Flower)

SPECIES                                                                                                                                                                                                              

Gazania

Gerbera

Hibiscus Rosa-Siniensis

Lobularia

Pelargonium Hororum (Zonal Gera-Nium)

Rose (Miniature Potted)

Salvia Splendens

Schefflera

Angelonia

Aster

Viola (Pansy)

Zinnia

Alstroemeria (Cut Flower)

Capsicum (Pepper)

Chrysanthemum (Cut Flower)

Rudbeckia

Scaevola

Sedum

Thymus

Verbena

Gomphrena

Hemerocallis

Lantana

Lavendula (Lavender)

Tagetes (Marigold)

Croton

Dahlia

Echinacea

Ficus Bejaminia

Gaura

Iberis

Catharanthus (Vinca)

Celosia

Chrysanthemum (Garden)

Coleus (Sun)

Salvia Farinacea

Average Daily Light Integral (Moles/Day)

Greenhouse

Cosmos

Coreopsis

Phlox (Creeping)

Petunia



9 

.  

   

   

Minimum Good High

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Ferns (Pteris Adiantum)
SPECIES                                                                                                                                                                                                              

Maranta

Greenhouse

Average Daily Light Integral (Moles/Day)

Phalaenopsis (Orchid)

Saintpaulia

Spathiphyllum

Forced Hyacinth

Forced Narcissus

Forced Tulip

Aglaonema

Bromeliads

Caladium

Dieffenbachia

Dracaena

Nephrolepsis

Streptocarpus

Hosta

Hedera (English Ivy)

Begonia (Heimalis)

Sinningia

Schlumbergera

Cyclamen

Exacum

Heuchera

Coleus (Shade)

Impatiens, New Guinea

Iris, Dutch (Cut Flowers)

Kalanchoe

Lobelia

Primula

Impatiens  

Pelargonium Peltatum (Ivy Geranium)

Begonia (Fibrous)

Senecia (Dusty Miller)

Fuchsia

Euphorbia (Poinsettia)

Hydrangea

Lilium (Asiatic and Oriental)

Lilium Longiflorum (Easter Lily)

Ageratum

Antirrhinum

Chrysanthemum (Potted)

Dianthus

Min - Max Acceptable  Levels of Light for Crop Quality 
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Traditional  Greenhouse vs. 

Newer Generation  Supplemental  

Lighting Systems   

In the interest of comparing HID systems operational characteristics we must consider 

their design limitations first for optimized greenhouse lighting control applications.  

 

With the ever increasing costs of electric utility rates, the ideal greenhouse lighting systems 

of today must provide the greenhouse grower with the lowest energy consumption while 

still converting that energy into usable plant light while reducing operations costs, lowering 

utility fees and allowing more lights per circuit on installations.   

Traditional High Intensity Discharge or HID as a class of lamps have been a staple of 

supplemental greenhouse lighting systems for the last 40 years.  The two types of HID 

lamps for greenhouse applications have been the Metal Halide (MH) which emits 

predominantly within the PAR (UVa-blue) 400-500nm vegetative spectrums and the High 

Pressure Sodium (HPS) which emits PAR (yellow-red) 550-650nm flowering spectrums.    

HID lamps inherently long restrike times, of up to 20 

minutes, are impractical when lighting controls are used to 

control HID lamps for ambient sensing of varying light 

conditions.  When ambient light  sensing controls are 

employed to turn the HID lights on/off under varying light 

conditions, the lights are usually left to run for an entire 

hour regardless if the sun had reemerged with adequate 

light levels or not.  In large scale production greenhouse 

applications this lack of control represents an enormous 

waste of energy and an unjustified continuing operational 

expense. 

.   

 

 

What general area lighting retrofits has taught us is that when retrofitting HID to more 

energy efficient lighting systems there are usually significant incentives to do so.  These 

incentives are offered by the utilities (see references page) themselves through easy to 

qualify for rebate programs where you provide the utility with straight before and after load 

reductions to the grid.  Additional rebates often apply for energy management controls of 

the new lights through daylight sensing, that raise or lower the light output to meet and not 

exceed the crops DLI requirements.  HID lamps are not designed for dimming controls.         

 

In addition to utility rebates, in the USA growers have another compelling reason to 

consider these retrofits.  The Energy Act of 2005 (HR-1424), extends through 12/31/13,  

qualifying accelerated federal tax deductions of up to $1.80 per square foot for retrofits.     

 

Standard 1000 watt HPS Greenhouse Lights 
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Supplemental Greenhouse Lighting 

Exploring Energy Efficient Alternatives 

Induction lamps are a type of high output fluorescent lamp known as Electrodeless 

Fluorescent Discharge Lamps or EFDL for short.  EFDL systems operate without the use of 

any internal electrodes, a screw on base or pins clipping into a socket.  The inert, low 

pressure, argon gas, coupled with a small amount of Mercury amalgam which vaporizes on 

excitation, is trapped within the fused glass body with no place to escape.   This results in 

long (100K hr) lamp life rating and low lumen depreciation over the course of the lamp life.   

 

HID lamps use internal electrodes and are lamp life rated for 20K hrs when used in  general 

lighting applications.  However growers usually change HID lamps @ ½ the rated life due to 

lumen depreciation.  HID lamps also require long start up times, are not auto-dimmable.  

Once turned off, HID lamps  restrike times may take up to 20 minutes for the lamp to come 

back on full bright.   

First introduced and patented in 1891 by Dr. Nikola Tesla, EFDL 

lamps, while expensive compared to incandescent lamps, were 

prized for their high lumens per watt, low operating temperatures,  

and high lumen maintenance values over the 100,000 hour lamp life.  

 

Unfortunately for Dr. Tesla. and mankind, the long life aspect of his 

lamps meant that financiers, such as JP Morgan, would insure that 

EFDL lamps never got the financial backing to make it into mass 

production where it would compete with the 1200 hr. Edison 

incandescent lamp business that generated enormous profits from  

(see Phoebus Cartel) relamp sales. 

HID or fluorescent lamps require internal electrodes, where carbon build up occurs on the 

electrodes thereby reducing lumen output as evidenced on fluorescent lamps by the black 

rings around the ends of the lamp.  These lamps derive power from screw in sockets or 

pins at the lamps base where the glass to metal bond eventually lets the gases escape.   

EFDL lamps utilize universal drivers that automatically detect 

incoming supply voltages between 120-277v AC @ 50/60Hz 

which then generate a high frequency electromagnetic field to 

excite the gases within the lamp.  EFDL lamps are more efficient 

than HID lamps at converting electrical energy into usable plant 

light and compared to HID lamps require 10:1 less lamp changes. 

Nikola Tesla 1891 
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While the utility savings alone represents a powerful motivation to install the most energy  
efficient lighting and control systems currently available, you should also be aware of the  
environmental benefits these retrofits represent.  By your reducing your facilities wattages 
you are also lowering your carbon footprint in the following ways;    

• Reduced Greenhouse Gas Emissions from Utility Emissions. 

• 805 lbs. of CO₂ reduced from atmosphere per 1,000 kWh saved. 

• Lower Mercury content per fixture/lamp; 

HID Lamp Mercury (Hg) Induction Lamp Mercury (Hg) 

1000 w 78 mg 400 w 25 mg 

When comparing a 1000 watt HID lamp that is usually changed in a greenhouse at 10,000 

hours and not the rated 20,000 hours would require ten lamp changes to a single 100,000 hour 

rated 400 watt Inda-Gro lamp .  We can factor how much mercury is saved per fixture basis:   

 

1000 watt HID:     78 mg Hg x 10 lamp changes  over 100,000 hours =  780 mg Hg per fixture  

400  watt Inda-Gro: 25 mg Hg x -0- lamp changes over 100,000 hours  =  25 mg Hg per fixture 

 

Specifications Inda-Gro HID 

Total Watts  Varies between  210 & 420 watts 1000 watts 

Rated Lamp Life 100,000+ hours 20,000 hours 

Lamp Life: 12/12 Cycle 23+ years depending on controls 4.5 years @ 20K hours  

Operating Temp 200: F 900: F 

Annual Operating Cost: 
12/12 Cycle @ $0.10 per 

kw-hr 

*Factored @ full load not dimmed:  
5kw per day x 365 days = 1,825 kw-

hrs: $ 182.50 per year 

Factored @ full load not dimming 
capable: 12kw per day = 4,380 kw-

hrs: $ 438.00 per year  

*Hours of operation, dimming capabilities and instant on/off will vary the actual operating cost per year.  

These additional control features will reduce annual operating costs below the cost shown here.  In large 

commercial greenhouse installations this savings represents a significant cost savings but will vary by 

season and available sunlight conditions.  

Environmental Impact  & 

Operating Costs Comparisons 



Inda-Gro Model No: Pro-420-PAR-DH 
Energy Efficient Supplemental Greenhouse Lighting 

• Consumes up to 70% less power than comparable HID lamps. 

• Single lamp with broad PAR spectrum  for vegetative thru flowering stages.   

• 100,000 hour rated with only 10% lumen depreciation @ 70,000 hours. 

• Unlimited Duty Cycle, switching and dimming do not reduce lamp life.   

• Consistent intensities and stable spectrum for repeatable crop production values. 

• Instant variable dimming from 100% to 50% output depending on varying sunlight conditions. 

• Power consumption is proportional to actual lamp output levels.  

• US service and repair center, 10 year prorated lamp and driver warranty. 

• May qualify as an accelerated tax deduction under the Energy Act of 2005 (HR-1424).  

• Qualifies for utility company retrofit rebate programs where applicable.      

Electrodeless Fluorescent Discharge Lamps, or 

EFDL, are the most energy efficient induction lamps 

available.  With no internal electrodes we offer low 

lumen depreciation and a rated lamp life of 100,000 

hours. 

 

Using optimized plant spectrums coupled with  our 

Daylight Harvester’s automatic dimming control we 

bring unparalleled performance and savings to the 

greenhouse production crop grower.   

By continuously monitoring available sunlight levels, our  

Daylight Harvester sensor  instantly, and smoothly, adjusts the 

light output levels, up or down based on varying sunlight 

conditions.    A High/Low switch allows the user to define the 

lamps reaction ranges to further optimize energy savings and 

better meet plant specific daily light integrals.      

Universal voltage driver operates on  

120-277volt 50/60Hz supply circuits 

Power Consumption + 10% 

420 watts @ full  output 

210 watts @ ½ output 

High Setting:  400 to 800 uMol/m2-s  (Full bright if < 400, dimmed to 50% output if > 800) 

Low Setting:  250 to 500 uMol/m2-s  (Full bright if < 250, dimmed to 50% output if > 500) 

Power Factor: 0.99 

THD: <10%  

PAR    INDA-GRO 

Spectral Distr ibution Graph 
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For More Information Please Contact an  

Authorized Inda-Gro Dealer  
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http://growlightsource.com/


One Week Side by Side Comparison Grow    

Inda-Gro Supplemental Lighting vs. Sunlight Only   

In this following series of photos you’ll see a side by side comparison of what just one of 

our Inda-Gro Pro-420-PAR Smart Lights can accomplish as supplemental greenhouse 

lighting.    

6-13-12 @ 0900 measures 160 µMole  

The test was run as a collaborative effort with The 

Wild Willow Farm, an agricultural teaching school 

located on the most southern edge of San Diego 

right on the border of the USA and Mexico.   

 

Our test grow ran over a period of just one week 

beginning on June 10th and completing on June 18th  

of 2012 with the exact conditions having been 

maintained between both the Sunlight Only Side and 

the Inda-Gro Side. 

While some would argue this was not the best location, or time of year, to see if adding 

supplemental lights would produce any real results between the two sides. We felt that a 

comparison grow under what would be usually ideal sunlight conditions would represent a 

worst case scenario baseline whereby our light would rarely be on and as such would 

proved nominal, if any, benefits whatsoever.     

 

However with the heavy dose of marine layer or as we refer to it ‘June Gloom’  which we  

experienced during the test period, the marine layer did not break up until late morning 

during most of the week and we got to see daily varying sunlight conditions as the clouds 

stayed patchy until early afternoon during several of those days.  So the week we ran the 

test actually gave us poor sunlight conditions where supplemental light would be expected 

to show some crop benefits.     

 

As you’ll see in the final summary, Inda-Gro ended up adding an extra 3 days worth of light 

to those plants beneath it with obvious benefits in terms of advanced stages of growth, root 

structures and number of plants that sprouted between the two test areas.   
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Day 1: SETUP 

Start with Installing  

Smart Lighting Controls    

Shown here is The Main Controller 

which acts as the main On/Off 

switch  for one or multiple Inda-Gro 

Smart Light fixtures.  

 

We’ve plugged an inexpensive Kill-

a-Watt meter to track instantaneous 

and cumulative consumed watts. 

  

A programmable timer is located 

inside the Main Controller which 

allows the end user to set the day & 

hours of operation.   

 

The Main Controller has a Master 

Sensor mounted on the bottom of 

the cabinet.  In our case we 

decided to set the Main Sensor to 

power up when detecting sunlight 

conditions below 500 µMoles. 

Once powered up, the Smart Light will 

continuously  operate between 50% - 100%  

of it’s rated output depending upon varying 

sunlight intensities being detected by the 

Slave Sensor  mounted on the back of the 

Smart Light.    

15 

The grower can further control light output 

dimming ranges by adjusting the setting of  

how sensitive the Slave Sensor is in reacting 

to varying sunlight conditions.     



Day 2: Plant Comparisons  

6-11-12 @ 0900 

Sunlight Only Side 

Measuring 238 µMoles at the canopy 

6-11-12 @ 0900 

Inda-Gro Side 

Measuring 422 µMoles at the canopy  

Fixture is mounted @ 36” above the table top  

On Day 1 the Main Controller Timer was set to allow the lights to operate between the hours 

of 7:00 am and 7:00 pm 7 days a week.  In this Day 2  image you’ll see that the light levels 

between the ‘Sunlight  Only’ and the Inda-Gro side have been doubled.  In this moment in 

time reading the Inda-Gro lamp is operating @ 85% of the rated output or 357 watts.   

 

During this comparison grow all conditions will be equal with the exception of the Inda-Gro 

light being used for supplemental lighting only. 
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Day 3: Plant Comparisons  

6-12-12@ 0800 

Inda-Gro Side 

Measures 381 µMoles at the canopy 

Consumption to date: 1.6Kw 

6-12-12 @ 0800 

Sunlight Only Side 

Measuring 235 µMoles at the canopy   

Today we added an equal amount of basil, dill 

and chives around the 6 middle pepper plants.  

We also moved the light from the previous 36” 

mounting height to 48” above the table.  This 

increase in mounting height meant less shadow 

on the plants from the light itself while 

maintaining PFFD values over a wider area of 

coverage. 
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Day 4: Plant Comparisons  

6-13-12@ 0900 

Inda-Gro Side 

Measures 274 µMoles at the canopy. 

 

Total watts consumed to date: 4.5Kw 

Total PAR contribution to date: 9.2 Moles 

6-13-12 @ 0900 

Sunlight Only Side 

Measures 082 µMoles at the canopy  

Noting the light reading @ 143 uMoles outside the greenhouse this morning we were not 

surprised to see the Sunlight Only Side reading down to only 82 uMoles.  This represents 

low enough light levels that the plants will stretch in a search for more light.  The Inda-Gro 

side was out producing  Mother Nature with 274 uMoles.  

6-13-12 @ 0900 

Outside the greenhouse  

Measures 143 µMoles   
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Day 5: Plant Comparisons  

6-14-12 @ 1000 

Inda-Gro Side 

395 µMoles at the canopy. 

 

6-14-12 @ 1000 

Sunlight Only Side 

239 µMoles at the canopy   

When mounted @ 48” above the table the Inda-Gro lights will add supplemental PAR light 

levels up to an additional 200 uMoles to those plants located directly beneath the light.   

 

Here we can see that with the midmorning cloud cover breaking up and with natural 

sunlight levels rising the Inda-Gro side still contributes an extra 75% supplemental light 

until the  natural sunlight levels rise in the greenhouse later in the morning.   

 

As sunlight levels rise the Inda-Gro Smart Light will dim down until such time that the 

Master Sensor is satisfied that enough natural light is available and the Inda-Gro light is 

then turned completely off.   
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Day 7: Plant Comparisons  

6-16-12 @ 1200 

Inda-Gro Side 

Measures 630 µMoles at the canopy 

 

6-16-12 @ 1200 

Sunlight Only Side 

Measures 561 µMoles at the canopy   

Here we can see that by midday the marine layer has burned off and our light in the 

background is completely off. At this 'moment in time' reading the Master Sensor has 

recognized sunlight PAR levels in excess of 500 uMoles and  have signaled the Inda-Gro 

Smart Light to be turned completely off.   

 

If during anytime between the timer set hours of operation should cloud conditions reduce 

light levels below the 500 µMole level, the Master Sensor would switch the Smart Light 

back on and the same step dimming would occur until natural sunlight levels returned to 

the minimum sunlight level of 500 µMoles.   
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Day 9: Plant Comparisons  

6-18-12 @ 1100 Inda-Gro Side 6-18-12 @ 1100  Sunlight Only Side 

This will be the last day we post results from this side by side comparison grow since 

sometime on Sunday night the greenhouse was broken into and our light was stolen. This is 

a property that’s not terribly secure at night so to install a new light would only invite a repeat 

of the same crime.  But even as you review the remaining photos and comments you'll see 

the benefits that our supplemental light provided the plants in such a short period of time.  

 

The Inda-Gro Side pepper plants display tighter internodal spacing & less flowering activity 

as compared to the pepper plants grown under the Sunlight Only Side where you’ll see 

increased stretching and advanced flowering as these plants adapted to low light conditions. 
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Day 9: Plant Comparisons  

6-18-12 @ 1100 Inda-Gro Side 6-18-12 @ 1100  Sunlight Only Side 

It was unfortunate someone felt the need to steal our light and not let us complete a full 

growth cycle.  I guess if there is a bright side to this early curtailment is that we did this 

comparison during the one of the worst times of year for seeing any benefits from a  

supplemental greenhouse lighting system. To see any substantive differences between the 

plants within the week in which we had run this test was a pleasant surprise. As you look 

closely at the root structure on the Sunlight Only Side you’ll see that the Inda-Gro Side root 

structure has advanced at approximately twice the rate as the Sunlight Only Side 

 

Of course had this test been run in a less hospitable region, or during a time of year where 

a lack of available sunlight had been a larger determining factor, these differences would 

have been decidedly more pronounced.   

 

. 
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Day 9: Plant Comparisons  
Conclusion Results 

6-18-12 @ 1100 Inda-Gro Side 

6 trays with 19 basil plants 

Total Consumption to Date: 17.5 kW  

Total Cost to Date: $0.10 per kw-hr = $1.75 

Total Run Hours to Date: 48 hours 

Total Additional Light to Date: 69 Moles 

6-18-12 @ 1100  Sunlight Only Side 

8 trays with 4 basil plants  

Of all the plants that we compared under this limited duration test, I’d have to say the 

greatest improvement would have to have been with the basil plants.  When comparing the 

rate of growth and the number of plants that sprouted, there is clear evidence that the 

supplemental light these plants received created over 4 times as many sprouted plants and 

of those that sprouted nearly all were at 2-3 times larger than those grown under Sunlight 

Only conditions.    

 

Also of note the basil trays were not located directly under the Inda-Gro light and they were 

placed near the pepper plants at Day 3 which represents just 4 days under supplemental 

lighting conditions.  
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When assessing the overall economic and drop production impact benefits of adding 

supplemental greenhouse lighting the questions one must ask are; 

 

1. Is a supplemental lighting system mandatory to provide adequate levels of light for 

the plants, in which case the lights are expected to run more often, at greater 

intensities and at higher operational costs?  

 

2. Should we consider adding them as insurance against unpredictable and low levels 

of normally available sunlight so as to maximize greenhouse production values?   

 

3. With the decision having been made to move forward, which lighting technology will 

offer the best short to long term investment value after factoring initial investment or 

retrofit expenses  against credits such as utility rebates, tax incentives, operational 

savings, potential cap and trade credits, etc., that will successfully accomplish our 

needs with the highest ROI?  

 

To those farmers that require consistent, quality yields and have had occasion to miss 

timely harvests due to lack of sunlight, than supplemental greenhouse lighting becomes 

a greater imperative to install these systems.   

 

Once the decision to install these systems has been made than the comparisons 

between the competing technologies begins.  One must decide as to which lighting 

system provides the best overall investment when factoring all lighting/crop 

considerations.         

 

Traditional HID systems have well known operating characteristics which quantify these 

values in terms of crop benefits vs. expenses.  But in the interest of being the best overall 

value in terms of energy efficiencies and lamp life, they fail to provide the energy savings 

that emerging technologies such as Light Emitting Plasma ‘LEP’ or Light Emitting Diode 

‘LED’ systems have shown with proven benefits in general area lighting applications.      

 

It is when these technologies purport to offer equal, or better, crop benefits as 

supplemental lighting, we see fundamental shortcomings with these two technologies as 

well.   

 Horticultural Lighting Systems:  

Summary   
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Light Emitting Diode ‘LED’ systems vary widely between manufacturers when it comes to 

per unit cost and area coverage. LED lamps are inherently narrow spectrum with half 

peak bandwidths of +/- 10 nm making them cost prohibitive on a PFFD cost.m² basis.    

 

The LED solution faces another obstacle to the grower when matching replacement LED 

lamps in the exact replacement spectrums due to bin coding variations on the diodes.  

While LED lamps can be set to dim, and for switching between vegetative and flowering 

stages, the limited standard of 25K hrs. of lamp life, user serviceable parts and lack of 

supported warranty claims all serve to eliminate LED as a legitimate contender for large 

commercial greenhouse lighting applications.  

  

Light Emitting Plasma ‘LEP’ systems are dimming capable and deliver a fairly wideband 

spectrum similar to sunlight, but are lacking in the red and far red spectrums as is 

present in natural sunlight. While at first this may appear to be an ideal light for plant 

growth, it does have some drawbacks in that there is too much green output which 

results in both wasted PAR light and energy.  While good results have been achieved in 

the vegetative phase, the lack of red and far red have resulted in poor flowering results.  

 

The solution to this lack of flowering has been to add a red/far red supplemental source 

to the LEP.  The suggested solution has been to add a modified 1000 watt HPS lamp that 

is unique in that it is a double ended Phillips EL lamp that has been designed for 

European supply voltages and is not dimming capable.  The obvious drawback would be 

a net increase in wattage when adding a 1000 watt HPS to a 300 watt LEP and lamp life 

ratings of only 10K hours and 30K hours respectively.      

 

In deciding which system will accomplish these goals, EFDL as a principal operating 

system, has consistently outperformed competing lighting technologies by virtue of their 

overall proven value relative to; initial cost, energy consumption, life span, low 

maintenance and low operating costs.   

 

Advancements in phosphors which have concentrated on PAR specific spectrums as well 

as incorporating control systems integration through the use of flexible user defined 

operational thresholds represents even greater value to the greenhouse grower.  The 

future is what will set EFDL and Inda-Gro products apart from other lighting technologies.  

 Horticultural Lighting Systems:  

Summary   
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Auburn University: Supplemental Greenhouse Lighting to Aid Ambient Light Levels 

http://www.ag.auburn.edu/hort/landscape/supplementallight.html  

 

Purdue University Measuring Daily Light Integrals in Commercial Greenhouse Applications  

http://www.extension.purdue.edu/extmedia/HO/HO-238-W.pdf  

 

Minimum Fossil Energy Greenhouse Systems - A Systematic Design of Greenhouse Production Systems  

http://edepot.wur.nl/31376  

 

Plant Physiology:  Working with Light  http://5e.plantphys.net/article.php?ch=t&id=131 

 

Rutgers University: Supplemental Greenhouse Lighting for World Wide Crop Production 

http://aesop.rutgers.edu/~horteng/ppt/papers/SUPPLIGHTINGPAPER.PDF  

 

Philips EL lamps:  http://download.p4c.philips.com/l4b/9/928196305116_eu/928196305116_eu_pss_aen.pdf

   

Research on Supplemental LED Lighting Systems in Horticultural Applications 

http://hortsci.ashspublications.org/content/43/7/1947.full.pdf  

 

Light Emitting Diodes for Horticultural Applications 

http://www.kema.com/services/ges/innovative-projects/Efficiency/Light-emitting-diodes-in-greenhouses.aspx 

 

Nikola Tesla   www.teresonic.com/pdf/Who%20was%20the%20real%20Tesla.pdf  

 

The Phoebus Cartel: http://en.wikipedia.org/wiki/Phoebus_cartel 

 

Design Obsolescence The Light Bulb Conspiracy:  Movie Trailer 
http://www.youtube.com/watch?v=251qoGOqpdk&feature=results_video&playnext=1&list=PL240107F3C5EDCE7D

  

NEMA guidelines and limitations of HID dimming 

http://www.isienergycontrols.com/wp-content/uploads/2011/05/NEMALSD14-2010Guidelines.pdf  

 

Inda-Gro Induction Grow Lights GrowLightSource.com  

 

USA Tax and Utility Rebates Database  http://www.dsireusa.org/   

 

 

 

 

 

 

 

 

We apologize for any broken links you might encounter.  At the time of this writing they were all available. 
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