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Everything Cannabis Growers Must Know ", .
About Switching From HPS to LEDs ".\\\-







About Fluence Bioengineering

When you’re ready to make the switch to LEDs,

the Fluence Lighting Design team and Fluence
Commercial Consultation team will be with you
every step of the way. Our lighting designers start
by assessing your facility, current lighting, and
production goals; we coordinate with your utility
service to get you the best possible incentives.
Following the installation, our horticulture service
specialists 0 er their expertise to answer questions
about lighting strategy, environmental management,
and parameters to optimize the crop responses.

Why Are Growers Switching to LEDs?

In recent years, wholesale flower prices have
trended downward. As new licensees come

online, experts expect cost pressures to rise. To

be competitive, cultivation companies need to
lower their costs and increase yield while also
distinguishing their product based on quality. Light-
emitting diode fixtures accomplish all three.

Some jurisdictions such as Massachusetts and
California are either considering or implementing
laws that require e cient cultivation and reduced
environmental impact. LED lighting may be required
in these markets and others in the future.







HOW CULTIVATION CHANGES
WITH LEDS

Revising Your Lighting Plan

The primary di erence between LEDs and HPS is

e cacy. LEDs produce more light and less heat
with the same electrical input [Figure 1]. Because
growers can get more light out of their existing
electrical capacity, many are choosing not to reduce
their electrical budget; instead, they’re increasing
their light levels and production capabilities by
matching the wattage of their old system.

Of course, you may want to maintain prior

light levels. Fluence 600W LED fixtures have
approximately the same PPF capability as a 1000W
HPS at a lower electrical expenditure. Your lighting
designer can help ensure that you achieve similar
light distribution. The only other change would be
a reduction in your energy costs associated with
lighting and HVAC.

[Figure 1]

1000 W HPS 600 W LED

(@) @)

FLUENCE

@) ®)

Radiant heat/light balance
depends on efficacy of HPS

Upper/lower balance
depends on efficacy of LED

Matching Wattage

The photosaturation point of cannabis — the point
at which more light will not compel more growth
— exceeds 2,000 ymol/m?/s during reproductive
growth of many cultivars. When you choose
high-intensity LEDs, you can leverage the plants’
potential for much larger harvests and quicker
production cycles than you could achieve at lower
levels typical of HPS (=800-1,000 umol/m?/s).

Fluence customers have observed 11 increases in
yield based on increases in photosynthetic photon
flux density (PPFD). That is, a 1% increase in PPFD
drives a 1% increase in yield up to 1,500 pmol/m?/s.?
That is, increasing from 800 to 1,500 pmol/m?/s can
net a 88% increase in harvest weight. PPFD levels
above 1,500 pmol/m?/s drive yield increases as well
but generate diminishing yield returns of 0.5-0.8%
per percentage increase in PAR.

Results vary by grow system and cultivar.

Some light-hungry cultivars may respond more
vigorously to higher PPFD. Ultimately, growers
who manipulate environmental conditions and
operating procedures in response to higher PPFD
will realize the best results.

Plants photosynthesize more when you increase
PPFD, so you can expect increased biomass

in your grow rooms compared to the PPFD of
HPS. To avoid conditions that breed pathogens,
it is vital to control air movement, temperature,
humidity, and vapor pressure deficit (VPD).

LEDs benefit each factor of the equation. These
topics are discussed further in the Environmental
Control section of this guide.

2 Eaves, J,, et al. “The Profitability of Growing Cannabis Under High-Intensity Light.” Agronomy Journal. 2020.
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Infrared Radiation

The HPS spectrum contains significant radiant heat
in the form of infrared radiation (IR) [Figure 3]. IR

is electromagnetic radiation that crops absorb as
wavelengths of heat energy (like a heat lamp in a
sauna). The extra heat from HPS warms the leaves
directly and leads to greater temperature changes
when the lights cycle o .

LED fixtures, by contrast, emit low levels of IR in
their spectrum. They primarily release convective
heat and warm the air above the fixtures — not
the plants directly. In short, LED fixtures are like
radiators, and HPS fixtures are like sauna lamps.

Maintaining Leaf Temperature
Under LEDs

LED-lit cannabis thrives at a higher temperature
setpoint than HPS-lit cannabis. Why? Because the
HPS spectrum you were using before contained
significant IR that heated the plants’ leaves
directly. Plant temperature — not air temperature
— drives physiological functions, so with lower
leaf temperatures you will need to increase the air
temperature to compensate.

Note that the same VPD can be achieved at
different ratios of humidity and temperature
[Figure 4]. A VPD chart, which correlates
temperature and humidity, shows suitable VPD
ranges. With a higher temperature set point,
you’ll need to slightly reduce humidity to maintain
optimal VPD. This may change your approach to
cooling and dehumidification [Table 1].

[Figure 3]
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[Table 1]

100% 90%

87° 000 022 044 066 176 | 198 219 241 263 285
86° 000 021 042 064 170 | 191 212 233 285 276
85° 000 020 041 061 164 184 205 225 246 266
84° 000 020 040 060 158 | 179 1989 219 239 259
83° 000 019 038 058 154 173 192 212 231 250
82° 000 019 037 056 075 168 187 | 205 224 243
81° 000 018 036 054 072 162 180 198 216 234
80° 000 018 035 053 070 168 175 | 193 210 228
79° 000 017 034 051 068 152 169 18 203 220
78° 000 016 033 043 066 148 164 181 197 213
m° 000 016 032 048 063 079 174 1 190 206
76° 000 015 031 046 061 076 168 18 199
75° 000 015 030 044 059 074 163 | 178 193
" 000 014 029 043 057 071 157 | 172 186
3 000 014 028 042 056 069 153 167 180
12° 000 013 027 040 054 067 147 161 175
ne 000 013 026 033 052 065 078

70° 000 013 025 038 050 063 075

69° 000 012 024 036 049 061 073

68° 000 012 023 03 047 058 070

67° 000 011 023 034 045 056 068

66° 000 011 022 033 044 055 065

65° 000 011 021 032 042 05 063 | 074

RELATIONSHIPS BETWEEN ENVIRONMENTAL VARIABLES
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Understanding Latent Heat

Dehumidification is heat removal. A reduction

in humidity won't change sensible heat (i.e., the
number on the thermometer) but dehumidification
reduces latent heat (i.e., energy released or
absorbed), which can influence sensible heat later.

Latent heat is the energy released or stored when a
substance goes through a phase change (e.g., from
liquid to vapor, or from liquid to solid). It takes extra
heat energy for these phase changes to happen.

Therefore, if the VPD drops, the moisture in the air
condenses and releases its stored heat. And if VPD
rises, water evaporates and plants transpire moisture
into the air again, storing the moisture as latent heat.
Dehumidification removes that latent heat from the
growing environment and increases VPD.

The most critical preventative measure against
uncontrolled latent heat and VPD swings is
consistent temperature, which is something LEDs
can help you achieve by eliminating the on-o
temperature changes of HPS.

“We recommend that customers work with an
HVAC engineering firm whose core competency
is horticulture and latent load removal. There are
a lot of ‘HVAC guys’ out there who only design for
human-centric needs. Horticulture is different.”

N\

— Aaron Fellabaum,
Director of Strategic Accounts

HVACD Dynamics and Better
Environmental Control

For most LED retrofits, the grow room’s existing
heating, ventilation, air conditioning and
dehumidification (HVACD) system works well.
Unless the system was previously undersized or
unsuitable — or you are switching to a multi-tier
setup with additional biomass — there’s rarely a
need to change your HVACD system.

But an LED-lit room should have a higher ambient
temperature to compensate for lower leaf
temperatures. You may need to adjust your HYACD
settings to compensate for the fact that the air
conditioner is used less with LEDs.

Most HVACD systems without dedicated
dehumidification provide a degree of secondary
dehumidification based on how they cool the air.
That is, when the HVACD blows air across the
cooling element to lower its temperature, some
moisture condenses on the cooling surface.
When you’re running a higher temperature in

an LED room, the air conditioner doesn’t run as
often, meaning it won’t provide that incidental
dehumidification. You may need to reconfigure your
HVACD or add a standalone dehumidifier.

Another reason for increased dehumidification
loads is increased biomass. When you raise PPFD,
everything in the grow room accelerates. Plants
photosynthesize faster and grow more vigorously.
Irrigation events increase, and transpiration
increases in linear fashion with PPFD.
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Airflow

In a high-PPFD grow room, airflow is critical

for avoiding hotspots and microclimates. If

you're increasing PPFD — and the rate of
photomorphogenesis — expect linear increases in
transpiration and a greater need for airflow.

The best way to achieve optimal air movement is
by delivering air within the canopy and installing
return ducts above. This up-and-out airflow pattern
removes transpiration evenly. Overhead circulating
fans are also acceptable, but fans placed along the
perimeter of the canopy may cause stomatal closure
in the plants closest to the edges.

For multi-tier rooms, inner-rack delivery airflow
systems are critical for moving air around benching
and lights and for preventing stagnation. The
supply of air from the HVACD — which is colder

and drier than the room’s setpoints — should be
mixed with the ambient air to achieve homogeneous
temperature before delivering it into the canopy.

Removing Limiting Factors

Every cultivation vector will scale along with your
light levels. To keep pace with your lighting system,
your CO, supplementation and fertigation will

need to increase, too. A single suboptimal growing
condition can reduce your returns.

[Figure 5]
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Increase Temperature and CO,

The amount of CO, you’ll need in your grow room
will scale with how much PAR plants receive [Figure
5]. Be prepared to deliver up to 1,500 ppm of CO,
during the reproductive stage if you're increasing
your PPFD over 1,000 pmol/m?/s.

Once again, your LED-lit crops will do best at a
higher ambient temperature because LEDs deliver
much less IR heat to the leaves than HPS. To
compensate, increase your ambient temperature
set point by 5 F when retrofitting your room from
HPS to LEDs.

Increase Irrigation

Make sure to keep an eye on your growing media
as you accelerate production with more light.
Higher PPFD levels drive higher transpiration rates
and more biomass, leading to faster dry-back of the
growing media.

Nutrients and salts can build up unexpectedly,
leading to nutrient lock out and slowed growth.
Additional irrigation events may be necessary,
as well as adjustments in nutrient concentrations
to avoid under- or over-feeding. Reference the
Fluence Cannabis Cultivation Guide for more
info on mineral ratios and measuring the nutrient
concentration of your growing media.
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Phase In New Technology

Many growers believe they must undergo a massive  They forget to factor in increases in revenue from

one-time LED retrofit to receive their incentive. But, higher PPFD.

in fact, most companies phase in LEDs, and utilities

understand why. Rest assured that your incentive Cultivators typically select one of the following
will remain available if you follow the application options when considering LEDs:

process correctly.
« HPS Baseline: Continue using HPS fixtures and
When you implement LEDs in one or two rooms to investing in maintenance
start, you get a chance to learn the new technology
without upending your whole operation. Your
production will remain steadier when you trial the
technology before going full-LED, and you'll likely
reap more benefits sooner. . Wattage Match: Replace HPS fixtures with a
greater number of LEDs to increase PPFD levels
without increasing electrical consumption

LED FINANCIALS AND ROI «  Multi-tier: Install vertical benching to increase

canopy area while maintaining or increasing PPFD

- 1-for-1 PPFD Match: Replace HPS fixtures with
LED fixtures to recreate PAR levels and reduce
energy costs

CapEx and OpEx work di erently for LEDs and
HPS fixtures. LED technology requires higher
CapEx spending due to expensive materials and
fabrication processes. HPS fixtures are cheaper to
manufacture but more expensive to operate, and
they can’t equal the production rate of LEDs of
similar wattage.

Other system configurations are common, such as
exceeding prior PAR levels with more LED fixtures
but not fully matching wattage. Sometimes growers
retrofit only some of their fixtures, creating a
checkerboard of LEDs and HPS.

When you predict your return on investment, be A detailed ROI table is available on page 16 of
certain to predict your actual ROIl. Most growers this guide.

merely calculate a payback period based on their
prior revenue and the anticipated OpEx reductions.




Option #1: The HPS Baseline
Higher OpEx

Continued use of HPS requires no CapEx spending
but considerable OpEx. According to a 2017 study
by the Sacramento Municipal Utility District, LEDs
reduce lighting-driven electrical costs by 34% and
overall electrical costs by as much as 25% when
HVACD savings are included in the analysis.?

Ongoing bulb replacements and reflector
maintenance also stack on considerable costs. The
PPF output of HPS bulbs degrades at a rate of 1%
for every 1,000 hours of run time. And reflectors
naturally lose their reflective e ciency as they
collect pollen and dust.

A 12-hour photoperiod warrants a bulb change
every 1.5-2 years when output drops by more than
5%. HPS manufacturers also recommend replacing
or cleaning reflectors in dirty environments. The
cost of these materials varies widely by order
volume, but when relamping OpEx is annualized

a commercial grower can expect a $60/year
maintenance budget per fixture.

Note: LEDs also experience output degradation,
though they do not require maintenance spending.
LEDs lose approximately 1% output per year
throughout their service life of ten years or more.
After ten years, the fixtures reach their Q90; they
produce 90% of their original PPF. However, during
that period, HPS fixtures would have required two
or three relampings.

Opportunity Costs

Continuing to use legacy technology means
cultivators are losing out on yield and quality

that can be gained with higher PAR levels. LEDs
introduce more light to the grow room while HPS
has reached its limits. Harvest weight (especially
dry weight) corresponds directly — in linear fashion
— with higher light levels, so cultivators who do not
switch fail to reap these rewards.

3 Sacramento Municipal Utility District. “Amplified Farms 2017 Indoor Horticulture Lighting Study.” 2018.
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Option #4: Multi-Tier Cultivation

Converting a facility to vertical cultivation requires
extensive renovation but less capital than
expanding your building’s footprint. Multi-tier
cultivators can choose between two-level racking or
a more complex three-level system that has higher
potential returns.

The infrastructure for multi-tier can total more
than half of the project costs because of the
new racking and airflow system [Table 2]. You'll
likely want to capture as much of your floor area
as possible with mobile benching, and mobile
benching requires complex systems for irrigation
and drainback. Three-level systems necessitate
scissor lifts for access.

The increased plant count in the room demands
increased dehumidification and air movement
capabilities, which drive up CapEx. However, OpEx
does not increase much due to the higher electrical
e ciency of the lighting. PPFD stays about the

[Table 2]

INFRASTRUCTURE

same with a multi-tier retrofit; the additional
revenue comes from the expanded canopy area.

Cultivating for the Future

Multi-tier installations are changing how cannabis is
cultivated indoors. So, when you select a multi-tier
retrofit, your standard operating procedures (SOPs)
will undergo a major revision that can have a costly
learning curve.

While a multi-tier operation o ers the greatest
revenue gain over HPS, it is not for everyone.
Three-level systems require dramatically di erent
workflows and may pose more problems than
double- or single-level setups. Issues with
pathogens, irrigation, and air movement may impact
revenue in the first few crop cycles, as will the slight
interruption during construction.

UPGRADE COSTS 1:1 PPFD MATCH 1:1 WATTAGE TWO-LEVEL
Upgraded Irrigation System $- $4,000.00 $5,000.00
Rack / Table $- $- $76,800.00
Dehumidification Upgrades $- $- $19,000.00
Installation / Construction $2,450.00 $7,200.00 $7,200.00
Air Movement Upgrades $- $- $28,800.00

TOTALS

$2,450.00

$11,200.00 $136,800.00
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CASE STUDY:
PPFD and Increased Yields

An LED trial at OutCo Labs documented how

yield correlates with PPFD as well as the gains
possible with Fluence LEDs. As a research-oriented
cultivation firm, OutCo wanted to know the optimal
PPFD for cannabis and how the Fluence SPYDR
Series would compare to existing HPS fixtures in a
controlled setting.

Their team tested four LED light intensities against
an HPS room that received 700 pmol/m?/s during
flowering. Ultimately, the Fluence SPYDR Series
fixtures — which delivered 800 pmol/m?/s while
using 44% less energy than the 1000-watt double-
ended HPS — increased trimmed flower weight by
13.5% [Figure 6].

[Figure 6]
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Each of the four LED treatments — which ranged
from 400-1200 pmol/m?/s — showed increases in
cannabinoid content. The HPS room averaged 19.1%
THC-A while the LED-lit rooms ranged from 20.8-
21.7% THC-A.

The results led OutCo to conclude light quality (i.e.,
spectrum) influences cannabinoid content more so
than light intensity — and that the Fluence spectrum
had outperformed the HPS spectrum.

A Disproportionate Increase in Revenue

By increasing both the dry weight and cannabinoid
content of the harvest, OutCo increased revenue
by +13.5% without significantly increasing other
expenses. In fact, overall electrical expenditures
went down due to lower HVACD costs.

5%
INCREASE

1

700 800 1200

AVERAGE PPFD
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Hybrid Programs and
Individualized Incentives

Utility companies that are familiar with indoor
cultivation may offer hybrid programs combining
prescriptive rebates with custom incentives
based on usage dynamics. These programs use
calculators to accurately predict how a particular
LED fixture type will affect overall usage with
predicted HVACD reductions and how the system
will impact the power grid at peak hours during
the day.

If incentive programs do not exist in your area, you
may still be able to negotiate an incentive with the
help of your lighting manufacturer. When utilities
understand the systemic benefit of LEDs — and
how HPS fixtures are straining their infrastructure
— many will follow the lead of other utilities and
incentivize your choice.

SUBMIT APPLICATION
TO UTILITY

UTILITY REVIEWS RECEIVE
& SETS UP SITE PRE-APPROVAL
INSPECTION

22 7S ). WA~ &4

UP TO 2 MONTHS

What is incremental cost?

Claiming LED Incentives Without
Reducing Your Use

Matching the wattage of your old HPS system
will dramatically increase production, but it won’t
reduce the strain on the utility infrastructure.
However, your utility may support your project
with a financial incentive if you or your lighting
manufacturer can argue the case well.

A projective model can demonstrate the energy
savings of LEDs as compared to HPS based on
equivalent PPF levels. Working with your utility in
this way often requires educating them about the
interactive effects of lighting, lighting schedules,
and HVACD. The Fluence Rebate and Incentive
team stands ready to assist you in this process.

ERRCONmE ZEX

SIGN PURCHASE

CONSULTATION
& INSTALLATION

SEND COMPLETION
PAPERWORK

INCENTIVE

L 6-8WEEks — 1

6 -8 WEEKS

Utilities use an incremental cost cap when calculating your incentive. The incremental cost is that of the LED
system minus the cost of the legacy technology you would have purchased in its place. Utilities apply the

incentive percentage to the difference in your spending.

For example, if your LED fixture cost $1,200 and your HPS would have cost $350, the difference is $850. If the
program had a 70% incremental cost cap, the maximum incentive would be $595 (or 70% of $850).
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Tips for Avoiding Incentive Pitfalls
and Optimizing Your Payback

Establish a relationship with your utility
account manager

You may not realize that you have an account
manager at your utility company. Calling them
to introduce yourself is the first and easiest
step in assessing your incentive eligibility. They
can tell you about opportunities that exist or
developments to consider.

Contact an experienced
lighting manufacturer

There are administrative pitfalls for every state,
provincial market, zone, and facility type. The
Fluence Rebate and Incentive team has worked
with dozens of utilities across North America,
garnering millions of dollars in rebates for our
clients. We can help you navigate the process
and educate your utility about horticultural
lighting if needed.

Check the timing of your incentive

Utilities allot funding on an annual basis, and these
funds run out. Your lighting manufacturer can help
ensure the availability of funds as you establish

a timeline for your project. Also note that annual
funding allocations can work in your favor if you

install LEDs in two phases during two fiscal periods.

Get pre-approval and stick to deadlines

Pre-approval is critical for incentives and rebates
alike. Rebates may seem simple and retrospective,
but you should discuss your purchase with your
account manager. Also understand your deadlines
and documentation needs and adhere to them.
Program technicalities cause many cultivators to
lose their incentives.

Don’t let your lighting manufacturer
bundle financing with incentives

When a manufacturer promises to take care
of all financial aspects of the project, be wary.
Transparency is paramount. If your potential
rebate is bundled with a loan, the process
becomes more complicated and prone to
manipulation and error.
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SELECT A FIXT
AND MANUFAC

Avoid poor-quality LEDs. Choose products listed on

the DLC Qualified Products List (QPL), which have
been reviewed to verify that their output meets

e ciency requirements and manufacturers’ claims
for e ciency.

The DLC QPL is what utility companies use when
determining which products are eligible for
rebates, and you should, too. All fixtures on the
QPL have efficiencies of 21.9 umol/J, warranties
of five years or more, IP water-resistance ratings,
and safety certifications.

Most importantly, the DLC assesses every fixture’s
output, reliability, and longevity. For additional
assurance of reliability, select a product with
passive cooling capabilities. Actively-cooled
fixtures — those with fans or circulating fluids —

are more prone to failure due to their moving parts.

Lighting can enhance or hinder your success as a
cannabis cultivation firm. That's why your lighting
manufacturer must be more than an equipment
supplier; they also should be a trusted partner.

Fluence offers specialized horticultural support
and collaborative research opportunities for high-
volume customers and strategic accounts. The
Fluence Horticultural Services team is well-versed
in plant science and skilled in the real-world
applications of commercial growing.

After installation, the Fluence Horticultural
Service team can assist you with the following
aspects of cultivation:

e Crop scheduling

e Crop development

e Production/process flow

* Pest management

» Disease management

e Sanitation

e Environmental management

If you’re ready to reduce your operating costs
and increase your revenue, reach out to a
Fluence representative today. We can help you
with the next steps by assessing your current
lighting system, checking for utility incentives,
and estimating your installation cost.
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