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A Sif ple method: to fihd how much profit-you get 0)Y, ‘addlng one more mole of P/

The problem: Supplemental lightinhasbeen Step 1: Find your Step 2: Find Step 3: Find your

considered a key technology to assure high crop - . - . o
productivity during the time when insufficient cumulative VIEId EXPECtEd market crop SpECIfIC

photosyntheticallyactive radiation (PAR) or daily light curve over PAR price Efflcacy
integral (DLI, cumulative PAR) is achieved under natural FOr vegetable crops, this Is often This can be wholesale market = The results of Steps 1 & 2 will

L . a linear response. Using your price or direct market price, be your cropspecific efficacy of
ighting. Growers need tdecide whetheisupplemental cumulative PART{ol m2) and depending on t he) lighting, telling you how much

lightingis profitable. cumulative yield (kg i), you business model. Consider grossprofit you generate per
can create a chart to find the percent gross margin (e.g., one mole of PAR ($ mbl
o slope (the crop specific PAR 65.6% In our analysis)nce Ranges of values of crop
Current recommendations: productivity, g mol) as shown ir producing more meanBigher specific efficacy are shown in

Supplementalightingis recommended whethe DL Figures 13. costs for operation. our example analysis (Table 1)

Inside the greenhouse is noteetingthe anecdotal crop
specific minimum DLI (typically <12 mol m~ dt). For
example, a greenhouse with DLI ain®l m~ d-* requires 4

more moles DLI by supplemental lighting to meetthe §  gtap 4: Decide the Step 5: Find the Step 6: Find the

minimumrecommendatiorfor tomato of 12mol m2d-+?

(Dorais 2004). However, while growers can assure target PPF and cost of operating heating fuel cost
acceptable productiotevelsunder these DLI, a questio number of lamps lamps to add one offset

of whetheruse of electrical lighting (LEDs, HPS, etc.) c@n 20 When the greenhouse is heated
generate profit or not needs to be answered before of selected types mole of PAR pPeEr m during the time supplemental

. . Find the DLI necessary to add For example If the target PPF Is i
yde Dhyrecessayjoadd ) forcranple (e o PP s ) lohidre uead it o
hours to operate per day, this /' operation timeto achieve Imol _ considered. Figure 5 shows the-

This poster presents a simple approach for would specify the target PPF m#is 2.78 hours. Following the| /' costs with and without such |
(photosynthetic photon flux). equatlons shown In Figure 4, you offset. Offset becomes smaller

growers to find the costs and return (and This process can lone bya can find the electricity cost to get Set becomes
thereby profit) before deciding on making the theoretical method (Figure 4) o 1 mole of PAR pern when efficient lighting is used.

.. . 0 . by a lighting company.
critical investment of electric lighting.

Table 1. Crop specific efficacies per mole of photosynthetically active radiation. Crop productivity was

obtained by linear regression (as shobglow)and assumed to be the same regardless of light source , PPF - A
(sunlight vs. electric lighting). Efficacies of lighting were derived from corresponding crop productivitigs, ~-PPF=30, UF=0.5 N = pE. F-UF-MF
wholesale prices and average industry gnosesgin. rere U0

PPF=100, UF=0.5 Eon
Crob tvpe PAR productivity* | Wholesale value Efficacy of lighting
i (FW) (g/mol) (S/kg)** (gross profit) ($/mol)***

PPF=100, UF=0.9 LPD [W m™] = ==
~=-PPF=200, UF=0.5
-=-PPF=200, UF=0.9

LPC [kKWh m2 mol] = LPD - MH

Lamp density (m2)
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Tomato (cocktail . M Maintenance factor
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*Source data; University of Arizona data for all crdpstais(2004) for TOV tomato; Both et al. (1997) for lettuce Figure 4. Effects of lamp photon efficiencies, target PPF and lamp Ut“izati(_m faCt(_)r (UF) on
**Information from non-disclosed sources | lamp density (humber of lamps per m?, N/A in the equations). The equations (right) show the
Crop PARroductivity x wholesale value x % gross margin (65.6%) process of finding lamelectricityconsumption to achievé mol of PAR per fh By multiplying
An examp|e process of LPQoy the electricityprice, the electricity cost per mole of PAR can be found.
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Figure 1. Cumulative tomato yield over time for tomato grown o =5
hydroponically inside a greenhouse at Univ. of AZ (cv. Durinta) ;‘ 30 = ﬁ
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‘%1500 Cumulative PAR (mol m) Figure 5. Example comparison of supplemental lighting costs (lamp electricity cost with and
a Figure 3. An example of cumulative yield of without heating fuel cost offset) per mole PAR and expected crop efficacies (gross profit) per
o0 tomato (cv. Durinta) relative to cumulative mole PAR at different lamp photon efficiencies. Mean values (horizontal lines) of crop efficacies
5.00 PAR. Data obtained at the University éfrizona for lettuce, tomato, and strawberry arghown with the ranges (also shown in Table 1). Estimates
090 L (Figures 1 & 2, leftThe slopg0.0136 kgnol?) were mad_e _forsel_ected lamputilization efficiency JF = O._9)I,ar_np maintenance fa_lctoMF =0.9),
Date represents the PAR productivity and was and electricity pric€$0.09kWihl). Forfuel cost offset estimation, all input electidmergy (W n¥)
Figure 2. Daily light integral (DLI, mol m d-1) inside the obtained by linear regression. for the lamps was assumed to be eventually converted to heat in this analysis. When the crop
greenhouse of Univ. of AZ during the tomato cultivation. efficacy exceeds the cost, lighting can be considered profitable undexothdition.

CONCLUSIONS

A simple evaluation method was presented to determine esppcific lighting efficacy and required lighting technology. Thiscamh can be used by growers as a predictive tool and
requires historical yield data (kg4nand environmental data (cumulative light integrals). In our example analysis, the eleetoic lightingwas most profitable for lettuce and the least
for strawberry.Use of efficient lamps reduces the lighting costs. In addition, selettorg optimized lighting spectrum as well as delivery method (such asaatrapy or dynamic control
of lighting hours) will increase the crop productivity and decrease the cost of lighting. More research based technologyheeves needed to assure increased productivity and lighting
efficiency. In our study, capital expenditure and their amortization were not included, but these can be further analy@esid®sring typical COLLEGE OF AGRICULTURE
lamp pricesand installation costs of different lighting technologies. This approach can be applied alsofosoke lighting, for whiclve need
to add cooling electricity costzase on the cooling efficiency (i.e., COP), instdaglibtracting heating fuel costs. ?(ID\II\I?R];ILFLEI;DSELF\‘/TQEESM N
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