“We do not inherit the Earth
from our ancestors, we borrow

. ROBN it from our children.”
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Can intensive farming Can intensive farming reduce sprawl?

increase afforestation? YES!
VES!

Are greenhouses “exempt” from permitting, Group U
(unoccupied) or F1(factory)?
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Growth Chambers and Rooms 9 ‘ ‘
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Non-Stacked
Indoor
(41% savings)
1% Vertcal Farmi —
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(10% savings) ’
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Controlled Environment Agriculture (CEA) Incentives and Financing

Qualified Farmers + H P&H + Energy Efficiency Engineers

Genetics, Nutrients & Environment

Lighting & HVAC purchase & installation

(P) Light control
e.g. UV cut film : pest control
Heat cut film : higher yield

(P) : Physical control
(C): Chemical control
(B) : Biological control
| (A) : Agronomic control

(P) UV irradiation I (P)Screen
e.g. to induce resistance to ; 14&” e.q. Insect screen, red screen
pathogen

| (C) Insect repellant
e.g. Acetylated Glyceride (food
| additives), Whitefly repellant
€ | (A) Varieties

e.g. Disease-resistant

\ (C) Plant activator

e.g. |-Histidine to the Bacterial pathogen

(P) Environmental control
e.g. Temperature and humidity control to
prevent fungi propagation

(B) Microbial pesticide

e.g. Some strain of Bacillus subtilis

(B) Natural enemy
e.g. Stinkbug to whitefly

(A) Grafting

e.g. Disease-resistant

(P) Soil solarization
e.g. pathogen free after cultivation

(P) Isolated culture
e.g. drain bed
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$/MWh

Electrical Energy and TDV
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SO ~Power costs ~20% less off peak year round under CEC 2019 standard
—2019TDV —2016 TDV
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Power costs rising 3x

Horticultural LEDs produce +20% more photons than HID
LEDs are an additional ~20% more efficient when actively
liquid cooled. Heat recovery and load shifting practices will

allow NNZE facility development.
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Heat Recovery 50% (lighting watts)
Hydronic Heat Transfer 50% (efficiency improvement)

Thermal Energy Storage Opportunity

“No cooling needed during the day, and no heating needed at night”

Pond / Lake
Loops

\\‘ ReALALPA!



Solar Power, Day and Night. It's a New World.

SolarReserve’s game-changing technology captures and stores the sun’s power to reliably provide electricity whenever it's needed most.
Powering 75,000 homes during peak demand periods, even after dark. With zero emissions.

Solar Farms

Thermal battery?

PV battery?

Both!




District Heating?

Seasonal storage 475.5 million gallons water

Technical and economical feasibility study of integrating large-scale solar thermal systems into urban district heating

- Business case

- Assessment of available land
- Project financing

Dynamic simulation of energy balance

Economic analysis — Dynamic capital budgeting -~ Legal framework
Targets
» Determine optimum size for solar system :
» Competitive heat price (compared to Gas) : P o
. =0 Seasonal Storage
> dy 1.800.000 m* @ BE |
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» Large-scale solar thermal plant N\ e S ,
» Seasonal pit storage (| Y wwc [ Heatpumps
- | 9gsmMw |

» Absorption heat pumps (AHPS) s =2 ——
» Simulation scenarios up to: : \
» 30% solar fraction
» 1,000,000 m? collector field
» 2,000,000 m?® seasonal pit storage




What happens to excess heat in growth rooms?

Latent heat flux from HID lighting creates humidity in greenhouses and growth rooms.
Reducing evaporation is the most important energy savings measure due to cost of dehumidification in closed system.

Net radiation

Boundary
layer

Boundary
layer

Wet soils Dry soils

a, In areas with high soil moisture, the latent heat flux by evaporation and transpiration dominates, enhancing cloud formation and a tendency for cooling. b,
By contrast, if the soil-moisture deficit is high, the dry soils raise the sensible heat flux, producing a deeper, warmer, drier low-level atmosphere. This process
inhibits convection and cloud formation and creates a positive feedback loop. Using observations for Europe, Hirschi and colleagues® show that the frequency
and duration of hot extremes seems to scale with the strength of the antecedent drying of the land surface and that regional climate models can capture this
relationship for drier climate regimes.



Integrated facility design

Benchmarking
Baselines
Annual energy
Difficult to model
Monitoring
Verification

Facility types

son =

Open greenhouse
Closed greenhouse
Open indoor
Closed indoor

Cooling heat water

production

Microturbines
(electricity )

Heat conductor
Cold or hot air
External drinkingwater (5%) i solar energy o
—— |_|v|ng

Condens i
to =
drinkingwaf®T

Cold or hot water from and to aquifer

Electricity

Sandscrew
conveyor

to houses
to greenhouse
to installation

Biogas
compressor

Grease trap
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— Blackwater ___ Condenswater
Greywater e Drinkwater
Gietwater Hot tapwater

heating / cooling Emmmmmm= Heating / cooling



Worm farm wastewater and food waste reuse
can reduce CO2 emissions —

O VITALIS

ENVIRONMENT INNOVATION
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LUND

UNIVERSITY

The Potential of Industrial Hemp
(Cannabis sativa L.) for
Biogas Production

Emma Kreuger

Biotechnology
Doctoral Thesis

Akademisk avhandling for avliggande av teknologie doktorsexamen vid Lunds Univer-
sitets tekniska fakultet. Avhandlingen kommer att offentligen forsvaras fredagen den 31
augusti kl 13.30 pa Kemicentrum, Hérsal B, Sélvegatan 39, Lund.

Academic thesis, which by due permission of the Faculty of Engineering at Lund Univer-
sity, will be publicly defended on Friday August 31 at 1:30 p.m., at the Center for Chem-
istry and Chemical Engineering, Sélvegatan 39, Lund, for the degree of Doctor of Phi-
losophy in Engineering.

The Faculty opponent is Univ. Prof. Dipl.-Ing. Dr. Andreas Gronauer, Institute of Ag-
ricultural Engineering, Department of Sustainable Agricultural Systems, University of
Natural Resources and Life Sciences, Vienna.
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1X 30KW MICROTURBINE
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Layout of EcoVolt solution at Bear Republic Brewing Company.

Combined Heat and Power Unit

Public electric grid

Compressor

Medium pressure gas storage
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Percolate tank

Heat sink
Biofilter

Gate

Substrate

Percolate

Pump sump Sloped fermenter floor

The biogas is fed into a CHP unit, which generates electricity and heat.
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Carbon Neutral

It’s time to Develop Carbon
Labeling

how else will consumers vote with their pocketbooks?

THE 2030 CHALLENGE

All new buildings, developments, and major renovations shall be carbon-neutral by 2030

70% 80% 90% | [SEoon.
—
TODAY 2020 2025 2030

l:] Fossil Fuel Energy Reduction D Renewable D Fossil Fuel Energy Consumption

The 2030 Challenge



