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Top 10 Renewable Energy Trends
& Innovations in 2024

Renewable Energy ‘

5152

Startups & emerging companies analyzed

Data provided by o SthtU_S e September 2023
insights
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mpact of Top 10 Renewable Energy
Trends & InnNnovations iNn 2024

Advanced Photovoltaics Distributed Energy Storage Systems wind Energy

19 % 16 % T1 %

Artificial Intelligence & Big Data

19 %

Hydro Power

16 %

This tree map illustrates the top 10 innovation trends

StartUs Copyright ® 2023 StartUs Insights. All rights re
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Global Startup Heat Map:
Renewable Energy
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2 Advanced Photovoltaics
% Integrated PV

4 Floatovoltaics

5 Agrivoltaics

& Lusoco

" Luminescent

8 Self-Sustainable

® Norwegian Crystals

10 Low-Carbon Monocrystalline Silicon Ingots
1 Czochralski technique
12 Gallium-doped
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13 Al and Big Data

14 Internet of Things(Iot)

15 Virtual Power Plants (VPP)
16 Likewatt

17 Optiwize

18 Resonanz

19 rFlow

20 rMind
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2 tDash

22 Distributed Energy Storage Systems(DESS)
23 Flow Batteries

24 Solid-State Batteries

% Pumped Hydro Technologies

2 Compressed Air Technologies

27 Green-Y Energy
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28 MGA Thermal

2 Miscibility Gap Alloys

0 Hydropower

31 Tidal Barrages

32 Ocean Thermal Energy Conversion (OETC)
33 Thermal Gradient

3 Salinity Gradient

35 Seabased

3 Wave Energy Converter (WECs)
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37 Green Energy Development (GED)
3 Floating Drum Turbine (FDT)

% Undershot Waterwheel

40 Wind Energy

41 Airborne Wind Turbines

42 Floating Wind Turbines

43 Hydro Wind Energy

4 Hybrid Hydro-Wind System

4 OceanHydro
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46 Helicoid

47 Erosion

“8 Fatigue

49 Bioenergy

%0 Hydrothermal Liquefaction (HTL)
51 Pyrolysis

52 Plasma Technology

53 Pulverization

% Gasification

%5 Cryogenic

% Hydrate

5" In-Situ

%8 Membrane Separation
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Photosynthesis U
crops and
agriculture [-—-E
residues

vegetable

wood oils and
types of animal fats

In the process of photosynthesis, plants convert

radiant energy from the sun into chemical energy in blomass
the form of glucose—or sugar. for energy
{carban
(water) dioxide) (sunlight) lglucose) 1] (oxygen)
6HO0 + 6CO, + radiantenergy — CH_ O, + 60,
Source: Adapted from The Mational Energy Education animal
Project (public domain) manure trash/
garbage
sewage

Source: U S Energy Information Adminstration {public
domain)
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Total MSW generation in the = Management of MSW in the =
United States by type of waste, United States, 2018
2018 Total=292 million tons

Total=292 million tons
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@ landfilled ® recycled
@ bumned with composted
@ paper energy recovery
@ yard trimmings @ other
@ food waste
plastics Data source: U.S. Environmental Protection Agency, Advancing
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@ rubber, leather and textiles €138’ November 202
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ok & Click to enlarge
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Data source: Organization for Economic Cooperation and Development (OECD) as of October 31, 2022
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Type of gasifier Advantages Type of feedstocks
Fixed bed gasifier & High tolerance of ash content. Wood

# Able to withstand high moisture content feedstack. -

& Low tar accumulation. Sawdust

* Minimum sensitivity towards feedstock size and quantity. Palm shell
alm she

Sewage sludge

Fluidized bed gasifier ® High heat transfer rate. Pine woodchips
& Thorough mixing of feedstock and bed material.
® Moderate requirements of gasification medium Beech wood
Rice straw

Wood znd bark waste

Entrained flow o Flexibility types of feedstock. Straw biomass
# Short processing time.
# Uniformity of temperature throughout reactor. Jatropha curcas shell

& Low tar production in gas. )
Bituminous coal and wheat straw

Empty fruits bunch

Plasma # Capable to treat both hazardous and non-hazardous wastes. MSW and plastic solid waste
# Nontoxic method to destroy hazardous waste. - -
# [asy removal of ash as slag. Biomedical waste

Hazardous waste from oil and gas

Operating temperature (°C)
800-900
650-950
750

800
700-900
750-850
600-800
300-400
900

1000

1300

900
1250-1315
1326

1500

ey sl il 655 50 sl zl) glgsl

121 Gasification Agent
122 Gasifier

123 Gasification Agent
124 Hydrogen Sulfide
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125 Allothermal

126 Slug

127 Agh

128 Cytotoxic Drugs

129 Bio-0il

130 Biocrude

131 Hydrothermal liquefaction (HTL)
132 Hydrous Pyrolysis

133 Subcritical Water (SCW)
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134 US Energy and Agriculture Department

135 Cellulose

136 Hemicellulose

137 Lignin

138 Sewage Sludge

139 Dry Straw

140 Co-Liquefaction

141 n-Hexane

142 Supercritical Water(SCW) Pre-treatment

143 Post-Hydrothermal Liquefaction Wastewater (PHWW)
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144 Fyel Gas

145 Pyrolysis Oil (py-oil)
146 Slow Pyrolysis

147 Fast Pyrolysis

148 Flash Pyrolysis

149 Heating Rate

150 Vapour Residence Time
181 Char
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Pyrolysis

J’ Type of Pyrolysis

v v v

Slow Pyrolysis Fast Pyrolysis Flash Pyrolysis

—

Product produced

Char Bio-oil Fuel gas
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152 Aldehydes

153 Phenols

154 Oligomers

155 Anaerobic Digestion
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156 Hydrolysis

157 Fermentation

158 Methanogenesis

159 Alcoholic Fermentation
160 Chlorella

161 Chlamydomonas

162 Scenedesmus

163 Dynaliella

164 Spirulina
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185 Cell Disruption

186 Photobiological Hydrogen Production
167 Hydrogenase

168 kg ha—1-day—1
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189 Transesterification

170 Vitality

171 Polyunsaturated

172 Egters

113 Glycerol

174 Fatty Acid Methyl Ester (FAME)
175 Acid/base and enzyme catalysis
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