





"H#$%8&' ) %&S$)&*"&)+ -.-%o#/&'0&1&//12*#3'4
5-&'67'8'9:; #1'<&=&)'>),'?2$=8-%&) ,&$' @>A>)3'
&1%#/%8&)'AB))C%D&)

I"H$%& ()*+,--%.'101,23 (4#251.'60-7'6%&$Y6# 89#3$:;



"#$%&"("#)

*#+ - [#-.01#"2.3456788"

- [ 9+(T$&. 3 H$%(

*H+ - [#-.+8,." 2"

3:9%<7"2="2:#%>.; T#:845$?&72 +#>3S@A
1%$8".1+45845%8".B$<"2C;1#D">("#'.3:%D'$#:

E+:"(158F8%:=.GH
IJHIK.3:%D'$#:

666-<5(6C&:%D'$#:-<"

H-.L%M$".NINO.P."B++A
Q72" "<#UWAA" R"#&T+2.<"&.;"#A&.7&:.%2:"#.<"#.S3BT.UIKCVCVKGCWGHNJCO.7>.R"#8%". :#"'<7@+2."#&457"2"2-

B7(87+#$X&45".S2,+#>$@+2.<"#./"%:&45"2. T$@+2$8(7(87+:5"A

I7".1"%:&A45" . TS@+2$8(7(87+:5"A. Y #="7452" .<7"&" *%(8TAS@+2.72.<"#./"%:&A45"2 . TS@+2$8(7(87+#$X"Z. <" $7887"#:".(7(87+
1$:"2.872<.7>.S2:"#2" 1("#.[SDF)\<2(-<C2(-<"]. $ (%" $#-

[$&.;"#A."T2&4587"_8745.$88"#.&"72"#.9"78". 7&:.%#5"("##"45:8745."&451:=:-

[7° 5 7<"#S(". Y+2. " (#$3%45&2$>"2a . 1$2<"8&2%>"2a . ;$#"2("="7452%2"2 . %&6- . 72 . <7"&"> . ;"#A . ("#'45@": . $%45 . +52"
("&+2<"#" . b"22="7452%2" . 2745: . =% . <"#.L22$5>"a . <$&& . &+845" . T$>"2.7>.3722" . <"# . ;$#"2="745"2C . %2< . cC$#A"28&45%:=
& =" (%2 $8&. #"T.=%. ("#$45:"2.60#"2.%2<.<$5"#.Y+2.e"<"#>$22.("2%:=:.6"#<"2.<1#?"2-

17" L%:+#722"2.%2<.L%:+#"2.&+67".<7".I"#$%&"("#.""5"2.<PY+2.3%&a. <$&&.<7".L2'$("2.%2<.S2,+#>3@+2"2.72.<7"&">.;"#A.=%
f'7:F%2A: . <"# . R"#gh"2:8745%2' . Y+88&:d2<7".%2< . A+##"A: . &T72<- . ;"<"# . <7" . L%:+#722"2 . %2< . L%:+#"2 . 2+45 . <7" . "#$%&
1("#2"5>"2a.$%&<#14A8745.+<"#.7>F87=7:a. "6d5#.,1#.<"2.525$8:.<"&.;"#A"&a.":6$7".I"68"#.+<"#.]%_"#%2"2-

B78<2%$456"7&").k>&458%""&:$8:%2". %2:"#. R"#6"2<%2"."72"#.L%,2$5>". Y +2ASBIBR)\F 7Tm$($n-4+>\F5+:+&\:#$2&,+#>$@+2C
<7'7:$8CY7&%$87=$@+2CVIOVGWW\0Z.3-.pS.q3+47":nr.(n.>$2'%2ASH#&S. #+>. T+%2.*#+e"4:Z.3- . HV.q"s47"24nr.(n.*%#F8".S4-
*+e"4:Z.3-.VI1.g4n("#. &" A% #HT:nr.(n.1%2:$&@4+2. #+>. T+%2 . *#+e"4:Z.3- . OH.g>$$&r. (N. B$>($2'.97#:$.3%'$2<$.  #+>. T+%2 . *#H
ISDF&)\:5"2+%2F#+e"4:-4+>0



0&/&-%E:$%

"HE%BE"S'S()H S+

$(-#1,&0#..1233%*&-4854#$'$3&6733$5.%67*5+& 5H(&SHS & BH(HS(S*5$* &I(:$Y6*#" $&5S(&6$3H*T (7(%$H;$*
<,$378&=637(;$&>*$(*$,3%*+ &5#:#,7.$&2$'$../, 7@ &A&B#S& CDEE&F2G & 57' &"$%$* & 4*5 & H(%$#;$* & 5%
$7.$* 117K LS M&B(N'$*0$(:G

P$#*&Q73$&H#; &R$*S&6;N(1+&A*58&H#] & T(%$H;$&HI&TS($#/,&F.245&Q7OUSC & VHS'S&W2'#O2*&$(3J: .
TAX($:$*5$* & 9%;0#/1.4*:$* & #* & 5H(& F.245Y<$/,*2. 2:#$ & , 74,7, & -4 & B(.$%S$* & 4*5 & 5$($* & IH*Z4" & TAX &
>*$(*$,3%* & 4*5 & 5H($* & 1414*@ & -4 & %$2%7/,;$* & 4*5 & 3#; & -4 & :$';7.:$*G & VHS$ & (7'7*:$ & 9%;0#/1.4*: & U
CI*;.#, $(&D*$. #:$*- & 4*5 & T*5$($* & SH#:#7.$* & <$/,*2.2:#$* & $(IV*$; & 4% & 4*-N, #:$& P J: #/, 1$H#:$*+ & X2(3;
T%$(8 741, &5H$8?(4*5.7:$* &A% $($(&-A1[* @#:$*&H(%$H; 0$# $*8&4*58 " $% S OSH $*G

D*&5$(&1414*@ & O#(5& CD &*#,; & *4(&W(2-$"$ & 280 3#$($++ & '2*5$(* & T4/, & $*;'| $H5$*5 & 57-4 & %o$#; (7:$
> $(*$,38* & 7:#.$(+ & $]-#$*$( & 4%5 & #**2UTOUS( & 0$(5$*G & 6#$ & O#(5 & $#*$ & -$*;(7.$ & R2..$ & 57%$# &
57;$%$; (H$%$*$8 9% $H5A*:$*&U2(T*-4;($H% S +&*$4$& 28/ N@'325$..$&-4&$(3J: . #/, $*&4*5&5HS&H(;+ &0
O#(&-4'733$*7(%$H#;$*+&*7/,,7.0:&-4&US(N*5$(*G&637(;$&>*$(*$, 3$*&A* D& SH* S&EH##,7.$82$'$.../, T @ &'#
ISH$ & IHH2 S & 3, (+ & ' 2*5S(* & ($7.$(& TS 7*5;$#. & A $($(& 7$:$*07(; &AL A 5 & H$ & 1S 7. $* &5HS & BS.; &
32(:$*G

VH#$ & 6;45#5($*5%++ & 5($* & H(%$#;$* & #* & 5#$'$3 & 6733%$.%7*5 & 8(N'$*O$(; & 0$(5$*+ & ,7%$* & '#/,
747$(:$00,* #/,$38.9%:7:$3$* &4*5& O$X:$,$*5$3& IS (;N*5*# &5$*&_$(74'X2(5$(4*:$*&5$(&C[*';.#/,$*
D*:$..#:$*-& $0#53$:G&D, ($&W(2 $1:$&-$#:$*&$H5(4/1'U2. .+ &O#$& 1 ($7OULA*5& J'4*: 2(H$* OS(; & HS&'H],
UHS.XN.O:$* & O#*7;-3J:.#/, 1$#$* & U2* & CD & T4'$HT*5$(:$'$;-; & ,7%$* & A & U2* & 5$( & >*;$('4/,4*: &
HA4'0#(14%:$* & U2* & CD & 74X & 5#US('S & TH($H/,; & %ott' & #* & -4( & H*7.2'$ & $;,#/,$( & 45 & :$'$..1,7@.
b(7:$:$..4%$*G

"7"$*E&O6#I&'H/,&U2*&5HS' T W (2" $1;$* &#*'BH(H#B($*&4*5&*$,35* &OHP&SHS&IH* . 754*: & 7T*+&:$3$H#*' 7T 3&3#;&
6;45#5($*5$*&5#$&1414* @&SS(&C[*; . #,$*&D*;$. #:$*-&710U&-4&:$" 7. ;$*GC& TH($#;'&-43& $;-#:$*&I$#;84*]
1.7(+&57"&5#$&HA'0#(14*:$*&U2*&CD&1$#*&"; 70", $' & W, N*23$* & '#*5+ & '2*5$ (* & $#* & X2(;. 74X $*5$(&W(2
A*$(&:$'$.., 7@ #,$'+&OH(, 7@ #,$' &4*5&:$/,*2.2:#/,$'&>3X$.5&:(4*5.$:$*5& US(N*5$(; & 4*5 84+ &7 .$
%3$;(#cG

D/,&0[*'/,$&D,*$*&%$($#/,$(*5$&#* %0 . #/1$&4*5&-7,.($#/,$&V$* 17, I $&%$#3&"$' $*&5#$'$'&6733$.%7*5'd
_$(-#,9&?(["$+

<%&='(4>#?
P_W&P7*7:$3$*Y&4*5&D<YT$(7;4*:&?3%_






F:$E:$%',&$'G&S#>1.&=8&%

P#: & 5$3 & U2(#$:$*5$* & T7*5 & 52143$*0$($* & O#( & %B($#;' & -43 & '$/,:$* & P7. & I(:$%*#'$ & 5%
D*$:(702*"$3#*7 (' & #3 & 6:45#$* 7% & B#(;/,7@'#*X2(3701 & 7* & 5$( & V_TB & 6;4€:7(;G & BH#$5$( & $#+37
12%%,$* & 4*'$($ & 6;45#$($*5$* &#I&HY'/,.4"$3$';$( &-$t:$*+ & OHS & XA BHS(;$ &O#"$*'/, 7@ #/,$' & H(%o$#; $*+
8(7TH*7,$ & b(7:$$..4%$* & 4*5& 71:4$..$ & :$'$..1, 7@ #/,$ & 9*:0#/1.4*$* & -4 & 'ST*$*5$* & O(:$%6*#"$*
X[,($*&A&SH#$'37. & 4% (8 5$3& "$#e,$378=637(:$& >*:$(*$, 35*+ & 5#:#:7.$82$'$../, 7@ &A&B#$& CD&E&F:
"$06$*&A*5&H(%$H#;$*&5$(&1414*@&:$';7.;$*&1IMKLE*MG

CT438$H & T*5H($'&<,$37 &, 7;&#* &5+ 8.5~ $* & P2 T;$* &EHBEING*, #, S8V T$& 28" 7(1&:$8(N:; &O#S
(7'7*$& 9% 0#/1.4* & C[*; #,$(&D*$. #:3*-G & BN, ($*5 & > $(*$,38* & 57' & W2 $*-#7. & *$4$( & <$/,*2.2:#$*
*4,-$+8:3],;$*+ &A3&S]-#$* $(&A*5&0$%SOB(% XN H#:$(&-48.0S(5$*+8.;$. $* &, &: $#],-$#O: &b(7:$*&*7,
8,41, $(&IS(7%,02(,4%+ 864 $( ;845 &:5'S..'1, 7@ #] $*&HAOH(L4*$* GEVHS $E68T4*'X$.5$(8';7*5$*
#381$*,(438.4"$($'&EH#S N, (#:3°86$3#°7('G

VHS&H*:$'73:&[%$(&gN&';45$%0", $*&W(2 $1e$73'&4* $('4/,;$*&#3&R7,3$*&U2*&UHS(&;,$370',$*&<(7/1'
T84 $(1 HS5.#] $&DT/Se$*&ES(&5H:#;7.$*&<(7*'X2(3702%)

¥ 278&%11:2-&BM& VHSB(&<(7/18&%$.$4/,;$,$&:$'S..1, 7@ #/,$&b(7:$';$..4%:$*) &12* & 5$(& B#(14*:
$*$(70US(&CD&TAXEE$*&C #3707*5$. 8%t &-43&"$%$+&#*&637(;&F#OS$'G

¥ ?27"&&%1'132-&)2BA&VS(&D214'&. 7:&TAX&5$3&W2;$*-#7.&U2*&CD&-4(&H4;2370'#$(4*:&4*5&i803
U2*&?$'/ N@'8(2-$"$*+&H#*' WG &H#3&_#*% #/1&TAX&*7/,,7.0:$3&H(%$#;'03.;$*G

¥ 27"8&%1'1&2>$AE #S(&O0A(5S& 7T A HS(;+ &OHS& CD &-4(&9(,J,4*: & U2* & Fa%$(Y 6#/,$(,$#; & %3
17%*+&7%$(&74/,+&03$./, $&*SAS*&RHH1S*&54(/, &, ($*8&IH* T;-&$*:$,$*G

¥ ?27"&&%1'K:=-/-%8A&D*&5#$'$3&<(7/1&:#*:&$'&43&5#$&R2..$&U2* & CD&#*&5$(&-41[* @#:$*&P2%:
%$#8&637(;&<(7]/&25%(&74;2*23%$3&b7,($*G

HA"$ON,.:$&H(%$#:$* & 5$(&6:45HS($*5$* &-4&5$* & $* T+ $* &<, $3+: $UHS: $* & 5 &#* & 5#$' $3&6733$.%7
-4'733$%:$X7",G & B#S$ & #* & 5$* & j7,($* & -4U2( & 07( & 5$( & $*:$ & HA";74'/, & 3#; & 5$* & %S;($4$*5$*
>*$(*$, 38 US(;($: $(H*$*&A*5&YUS(($:$(*&-$* (7. $(& TS 7*5:$#.85$' &6$3#+7(12*-$8; G&VHS&W(N'$*;702*
5$(&I(: Yo H" SEHESHS(&T%', HS S*BE&W2'B(Y6$ " #2*&#*&5$(&6;46:7(;&F2-$/;2(a&5$(&R2%S$(;&T2',&
%62;8$(*$4; &$H*$*&H* BH(HS($5$*&R7,3$*8-4(&12(';$..4*:&5S(&H(%6$H;'$(:$%*#"$G

SYP(&:(2NB(&VT*1&:H#.;& 7. $*+&5H#P&-438& 2. #*: $*&5$' & 6S3#*7 (&% S#:$;(7:$* &, 7T%S* &A&H*' %$'2*5$($ & 4
"$,(%$74@(7:;$*&'20#$&55*&C2..$:#**$*&4*5&C2..$:$* &5 (&F2**$/;2(aG

(45@$2#4.' A58, 'BCBD
I"H$%& ()*+,--%

/01,23'(4#251
60-7'6%&$%#

IDD



K-%E-$A&),&

P7e#7'&T$/1$(+
TA*5$'73;8&X[(&6#,$(,$#;&#*&5%(&
D*X2(3702%;$/,*#1

78T, $(+
Q<<&VH<H&V$4;/,. 7*5823% _

T$* 734#-89'8%+
V(G&D*:G&,G/G&hGE&EW2(,$&H?

V(G&P7(/2&b.$/1*$(+
V(G&D*:G&, GNREhGRE?

F,(#OT*&2N(*$(+
V(G&D*:G&, GNREhGRE?

T7T'O7*&2$, (#*:+
TPF&62@07($&73%_

P7(/$.82.$3'$(+
V(G&D*:G&, GNREhGRE?

<2%#7'& N48:.$+
Q<<&VH<H&V$4;/,.7*5&?3%_

<2(;$*&C7;$*1738+
V(G&D*:G&,GAREhGRS?

V(G&R2%$(;&P75$(#;/,+
H..#7*-&D*U$";3%%&P7*7:$3$*:869

JTXYW, #.#88&P#.*$(+
Q<<&VH<H&V$4;/,.7*5&?3%_

'DDD

V*#'&W2148%/+
F($5#;8.4'&T7*1&H?

#/:2(&W2(a2+
PS(/$53'YT$*-&H?

P7I&R$E$*3$HS(+
<R>PWb&69&K&F2G&C?

W, #.#88&R$4e$(+
R2%$(;&T2',823%

jA#7*&Ra%2.+
Q<<&VH<H&V$4;'/,.7*5&?3%_

"417'&6/,#.5%7/,+
P_W&P7*7:$3%* Y &4*5&D<YT$(7;4*:&23% _

<#328&6/,3%.-.$+
'g&?3%_

<,237'&6/,0$*1+
>6>&H?

R$*S&6;N(1+
P_W&P7*7:$3%*;Y&4*5&D<YTH(7;4*:&?3% _

6#*4&<,#(411%;,$$'07(7*+
V_TB&6;4e:7(;

b7%#H7*&!12:;+
TPF&62@07($&?3% _

PTf#3#.#7*&12.37 (#+
R2%$(;&T2',823%



I"H$%68' ()%8&S$) 8" &)+ -.-%#/& 08 1&//12*#3'4'5-&'67'8'9:; #1'<&=8&)
>),'2$=8&-%&)',&$' @>A>)3'.&1%#/%&)' AB))C%D&)

L$#2A'MN"&8%1'1:2-8&%H

HD&X2(&F .#37;$)&"SUS(7:#*&H(OM/H#7.&D*;$. #:$*/$8;2&F23%7 ;&F #37;$&F, 7+:$&A&D*2U70 2+ & T*5&F,

O#;, &"$75#*:86;7(;48GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGHGGGGGE
E2#F &' ()*A,G. 1H#&'(42*&72%.'E2#)%-'1#23%#

<,$&(2.$&2X&T(OMIHT .&H#*$. #:$*/$8H#*8&S*5Y 2XY #X$8 BRCHEBEMIEECGGGGGGGGGGGGEGGGGGE
E2#F,&'92534%,&.'(%123J2&'6,-2A0+3?,.'K5223'6,&G, 3)*

L$#H2A'CN"&8%1'1J2-&)2H

O+ 7;-&U2*&C[*'; . #/,$(&D*;$. #:$*-&#3&D<YT$;(#$%' 37" GBBIBGCCCCGCGCGCGCGGGGGGGGGGEPRGGGGGE
K,&53'L%,4%A28&&."M*,2#2'N%O%#?0#&.' 9% &HP'6HAGYA2&&

QU7.4702*&2X&?$*$(7TOUSEH(OM/#7.&D*;$. . #:$*/$&>'$&F 7'$' &#* &P 7*4X 7/, EEIBAZFSCCIHG GG GGG
(%123J2&'E"&Q.'"R%&,Q'S"?3%-.' TF%-P&'U%--%#

CA*5$*$(UH/B&'37(;&74;237TO'H#P(;&A&IHH'T;-+&PJ: #/,1$#,$*&4*5&? ($*-$*&U2*&"'P'&-4(&74;237O0'#$(;$* &
T$7*,02(;4*:&U2*&C4*5$*7* #3: BGCGCGCGCGCGCGCGGGGGGGGGGGGEEGCGCGCGGGGGEEEGEGEGGCE[GCGGGGE
V21,2&'V#,4Q.'"R2F,G'90-Q+2#4* "W%&X2A,&'6,--,A

L$#2A'PN?7"&&%1'&2>$-%H

OH*ZA"&C[*; #,$(&D*$. . #:$*-&TAX&5HS&D<Y 6$/4(#;:a&U2*&>*$(*$,3$*&A&F, 7*/$ BB HRBBEHE GGG GGC
Y-%Z2&GY%# [#5$.'9288%3' W25A*2)?-.'R2F, G'NY642# (F%J)

BH$& 17 &H#+&ISH $*&U2*QVSSEXT1$' &5 7' &i(##+7.&U2*&DN. [, 4*:$*&4*$('] #$THEDSBEHGGGEBGGGGGC
12&2'K5?7X28&43)*52.'L02*R2A12)*%6#.'L,-3'[-%&?

DI



L$#2A'QN™&&%1'K:=-/-%H

i803#$(4*:8U2*86,7($58P2%4#.#;a83#e$.'&95:$&F23840%)&W2;$+07.$+&_ $(74'X2(5$(4*:$*&4*5&
H*0$*54*$* GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGRBEGGGGGE
TF2\E2#,2'W2#4*.'T-,23'#)**0].'N*,-, OO'N033%4

H*7.2' $&$H*-$.*$(&bAH2*"-$*7 (H$*&U2*&>'T:$Y T7'$5&D*4(7*/$&4*5&C[*'; #/,$(&DEEBFBECGABGCGGGG
<51%8&'()*5-Q.'L,)-23'N#%53)*%.'(,AO&'V%6#&25

=<$..&3$82824(8*$$5'MEAKCDE&H#*&5$(&F 4", 2GR GEAEBBGGGGGGGGGGGGGGGGGGGGGAGGGGGGEA
128'90-Q*253%&.'153J&'()*,)2. E2#F, & (4%00%#

VHS&R?. $85$(&CDEH*&5$(&<(T+X2(3702*&5$(&P29%# #:N: &A&F, T*/$*84* 5 CRBIDRES @R MG GGG GGC
E2#)0'M0&J.10&23'/*0A28&4..(,-23'6%-3)*

1414* @' U##2*$*)&V 7' &H4; 287 . &<$#.&$#*$'&#*;$. #:$*,$*&!I$(1$E@FE3CCCCGCCCGCCCGCHGGGGGG
Y&&2'[,N&Yo#.'<20*2%-'K54Q."1,A'(%%$%#



L$#2A'MN'?7"&&%1":2-&%H






Al for Climate: Leveraging Artibcial Intelligence to
Combat Climate Change b Innovations and
Challenges with Leading Startups

Marvin Schmid Jorn Stahnke Marcel Graser
DHBW Stuttgart DHBW Stuttgart DHBW Stuttgart
wi21157@lehre.dhbw-stuttgart.de  wi21153@Ilehre.dhbw-stuttgart.de wi21203@Iehre.dhbw-stuttgart.de

AbstracfNClimate change, driven by human activities such practices, enables more sustainable transportation and drive the
as CQ; and other greenhouse gas emissions, presents a criticaldevelopment of sustainable technologies. [1]

global challenge. This paper explores the potential of Artip- . . . .
cial Intelligence (Al) to reduce these emissions by enhancing This paper analyzes three specibc sectors to investigate the

efbciency across key economic sectors. Specibcally, it examine§1any ways in which Al can be used to combat climate change.
Al applications in agriculture, energy, and transportation N This choice is based on the analysis of current statistics that
three of the most signibcant contributors to emissions. In agri- show the level of greenhouse gas emissions in different sectors.
culture, Al technologies such as precision farming, advanced ghacibcally, in germany the energy sector is responsible for
weather forecasting, and livestock health monitoring can optimize 7 8% of h - h icul |

resource use, reduce emissions, and increase efbciency. Fo? 070 OF greennouse gas em|SS|on§, the agricultural sector
instance, precision agriculture enables the targeted application @ccounts for 7.7% and the transportation sector for 19.8%. [2]
of fertilizers, while Al-driven pest management reduces the This means, that in the sectors of energy, transportation, and

need for widespread pesticide use. In the energy sector, Al agriculture, the potential for Al-driven solutions is particularly
improves the production, distribution, and consumption of energy high.

by enhancing renewable energy forecasts and optimizing grid . L o
management and energy storage. This integration encourages the ~1h€ agricultural sector makes a signibPcant contribution
use of renewable sources over fossil fuels, signipcantly loweringto greenhouse gas emissions (GHG) in Germany. The main

emissions. However, managing the energy consumption of Al sources of this are methane emissions from livestock farming
systems is essential to ensure these benebts are not negatedy pitrous oxide emissions from fertilizers. The use of Al

The transportation sector also achieves substantial benebts from . .
Al through improved planning, management, and autonomous C2" make some areas of agriculture more efbcient and thus

driving technologies. Al can predict and prevent trafbc conges- reduce GHG emissions.
tion, optimize transportation routes, and therefor reduce fuel In the energy sector, Al is revolutionizing the way we
consumption and emissions. This paper highlights three startups produce, distribute, and consume energy. Smart grids, powered

N Carbon Robotics in agriculture, Enercast in energy, and by Al timi distributi d ; d
Shippeo in transportation N that exemplify Al®s potential in Y A, can oplimize energy distribution, reduce waste, an

combating climate change in these sectors. Despite the promisingintegrate renewable energy sources more efbciently.
benebts, challenges such as data quality, accessibility, and the |n the transportation sector, Al can provide better planning
energy demands of Al systems must be addressed. Continuedg,g management of transport routes and in addition to that
advancements and careful management of Al technologies are . . ..
crucial for maximizing their environmental benebts and achieving react faster to changing enwronmental Condlthr'!s. The benebts
a sustainable future. of that can be less fuel consumption, less waiting time, more
efbcient routes and in general decreased emissions.

However, the integration of Al in climate action is not
without its challenges. Data quality and accessibility remain

Climate change represents one of the most pressing gloB@iniPcant hurdles, as accurate and comprehensive datasets are
Cha”enges of our time, with far-reaching consequences ﬁsential for training effective Al models. Additionally, there
ecosystems, economies, and human societies. The scien@ifc concerns about the energy consumption of Al systems
consensus is clear: human activities, particularly the emi§emselves, which can be substantial.
sion of greenhouse gases, are driving signibcant changes iRurthermore this paper presents three startups that make
the EarthOs climate. Addressing this multifaceted problsigniPcant contributions to combating climate change through
requires innovative approaches and the integration of advantied use of Al. These startups serve as exemplary use cases of
technologies. In recent years, Artibcial Intelligence (Al) ha&l applications in these three specibc domains. Throughout
emerged as a powerful tool with the potential to transforwur research, we identibed numerous other innovative startups
our ability to combat climate change. By leveraging vaséveraging Al for climate action. By showcasing only these
amounts of data and sophisticated algorithms, Al can enharbeee examples, we aim to illustrate the diverse and impactful
climate modeling, optimize energy usage, improve agriculturaays Al can be harnessed to mitigate climate change.

I. INTRODUCTION
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[I. DOMAINS to produce accurate and timely weather predictions [8].
Farmers can use these systems for better planning and
decision-making regarding planting and harvesting schedules.

The agricultural sector is a major contributor to globarherefore farmers can optimize water usage, which reduces
warming, responsible for around 7.7% of greenhouse gascessive irrigation. Furthermore, precise weather forecasts
emissions in Germany. The main sources are metharen enable farmers to protect their crops from extreme
emissions from livestock, nitrous oxide emissions fromveather like Roods and storms. All these benebts contribute
fertilizers and carbon dioxide emissions from deforestatidn increased farming efbciency which in the end lowers

and land use change. [3] Al has the potential to drive forwanmVerall greenhouse gas emissions [9].

the reduction of greenhouse gas emissions in the agricultural

sector. It can be used in different areas of agriculture. Frofti systems make a difference to the agriculture industry since

precision farming to more accurate weather forecasts, Al ctivey increase productivity and can lower greenhouse gas

support agriculture and thus increase efbciency and redageissions. From precision agriculture to improved weather
greenhouse gas emissions. [1] In this section of the paprecasts and livestock management, Al is transforming
various areas of application of Al in the Peld of agriculturéarming practices and will contribute signibcantly to the

A. Agriculture

will be presented. mitigation of climate change. This section of the paper
highlighted key parts where Al systems can make a
Precision agriculture difference, but there are also many other domains within

With precision agriculture, Al and ML can be used tagriculture where Al will unlock further potential. For these
optimize farming practices. New technologies in this areancepts and technologies to truly affect climate change, they
enable farmers to make more informed decisions by analyzinged to be adopted worldwide.
data from various sources like satellite imagery, drone images
or ground sensors. [1] Al-driven systems can optimize tte ENergy sector
use of fertilization by ensuring that fertilizers are only In Germany, the energy sector is the largest contributor
used where they are needed. This will reduce waste aldCO, emissions (37.8%). The generation of one kilowatt-
minimize the environmental footprint. [4] Al systems carhour of electricity causes an average of 434 grams of CO
also have a positive impact on pest and disease managememissions. Overall, the increased use of renewable energy has
With the help of the above-mentioned imaging and sensaaypositive impact on the emissions performance of electricity
technologies, Al can detect pests and diseases early. T@eration and signibcantly contributes to the specibc emis-
allows farmers to intervene only in affected areas of a cragon factors in the power mix. [10] Low-carbon electricity
beld, which reduces the need for widespread pesticide use fgjurces are therefore essential to tackling climate change.
Since renewable energies often depend on external or variable
Livestock Management and Health Monitoring sources, managing the electricity mix is essential. Al can play
Al-based systems for livestock management and heatihcrucial role in this domain by rebning predictions of both
monitoring can transform how farmers care for their animaldemand and the accessibility of clean energy, thereby bolster-
By using cameras, sensors and ML algorithms these systeings the management of electricity systems. It improves the
can monitor the behaviour, health and well-being of livestogccuracy of forecasting renewable energy production, such as
24/7. These systems can analyze different data such sagar and wind power. By analyzing vast amounts of historical
movement patterns, feeding habits and body temperatuweather data and real-time information, Al algorithms can
to bnd early indications of sickness or stress. This enabl@®dict energy output with high precision. The weather data
farmers to take immediate action, improving animal health aisérves as a crucial input for our predictive model, enabling
lowering the need for medications like antibiotics and othanore accurate and reliable energy forecasts. [11] Better short-
treatments that can contribute to greenhouse gas emissitaisn forecasts can allow system operators to reduce their
[6]. In general healthier animals tend to be more productiveliance on polluting standby plants and to proactively manage
and emit less methane, which is a potent greenhouse gas i7¢reasing amounts of variable sources.
With the improvement of livestock health Al systems are an While many system operators today use basic forecasting
important contributor to the reduction of methane emissiotschniques, forecasts will need to become increasingly ac-
and thus play a crucial role in slowing down climate changeurate, span multiple horizons in time and space, and better
Other areas where Al can help in livestock management likgantify uncertainty to support these use cases. Al can help
optimizing feeding practices will also contribute to furtheon all these fronts. [1] In 2019, nearly 72% of the German

lowering the carbon footprint of livestock farming [6]. energy supply has been dependet on imports. [12] Therefore
it is important to connect the Al-powered solutions withing
Improved Weather Forecasting Europe regarding the power grid.

Weather forecasting enhanced by Al can greatly benebtAnother Role of Al in power grid management could
agricultural methods and aid in mitigating climate changee energy storage optimization. Al algorithms optimize the
Recent ML algorithms can analyze meteorological datdharging and discharging cycles of these storage systems like
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pumped-storage power plants instead of coal or other bsd$fleaction and avoidance mechanisms
energy sources, ensuring energy is available during peeksToéfbc congestions have a big impact on transportation
high demand. This optimization not only helps to maximizemissions. They can signibcantly increase fuel consumption
the utility of stored energy it also reduces costs and increasesl Pne dust due to repeated acceleration and braking as
the penetration of renewable sources in the energy mix. [1&jell as a longer journey duration. [18] In addition to that,
Al-powered smart grid management not only enhancescidents can also have severe impact on transportation by
grid stability and efbciency, but also supports the transitidrolding trafpc altogether or causing secondary accidents or
towards a more sustainable energy system. It achieves thimgestions. In this case there are also other environmental
by maximizing the utilization of renewable energy sourcesisks such as leaking of hazardous substances if the transport
reducing reliance on fossil fuels, and consequently decreasgels caught in the accident or the loss of a transport vehicle.
carbon emissions to mitigate the impact of climate chang®oth of these scenarios have brst-degree and second-degree
[11] impact on the environment. Al can be used to react to
Prerequisites for an increased use of Al in the energy system avoid those kinds of risks. [18] Data collection and
are the digitalization of the energy sector and a corresportediction models can be used to build a reliable trafbc
ingly large set of data that is evaluable. Al helps make thmngestion forecasting. Similar to that, accidents can also be
energy industry more efpcient and secure by analyzing aaudticipated by Al and automatically identibed through pattern
evaluating the data volumes. [13] recognition by using image processing of CCTV footage.
The growing digitization and interconnectedness of ener§§Q] By recognizing trafbc congestions and accidents fast or
systems heighten the risk of cyberattacks, potentially epredicting them through Al, trafbc can be rerouted in time
dangering the security of essential infrastructure. Measumsd thereby emissions can be reduced.
should be ensured to mitigate these risks and protect critical
infrastructure. [11] However, risks associated with Al mud®lanning and management of transportation
also be considered and addressed before the technologylidased systems can also be used to Pnd the most efbcient
scaled across the sector. These include, but are not limitedttansportation route possible by including all available
threats to cybersecurity and privacy, the inBuence of biasesnodes of transportation. Al-based systems can outperform
errors in data, and miscorrelations due to insufbcient traininguman planners by including weather predictions, trafbc
[14] Currently, digital technologies have substantial potentiafedictions and other impact sources into its calculations.
to achieve energy sustainability goals.On one hand, trainif®p] In addition to that, due to the higher accuracy of the
Al models demands substantial computing power and datalculations, Al can estimate the arrival of a transport at
storage, leading to a surge in energy consumption, especidlig next hub and thus plan the connecting transport far
within data centers. The International Energy Agency (IEApore efbcient with less waiting time. [18] Al can also be
reported that data center energy usage reached approximatahgraged by cities and other regulatory bodies to model
460 terawatt-hours in 2022. [15] On the other hand, Aheir ideal transportation system or make it more efbcient
holds the potential to signibcantly mitigate carbon emissioby dynamically adjusting speed limits or changing priority
within the energy sector. Hence, it is feasible to schedule transit signals for getting a better Bow of trafpc. [19]
particularly time-insensitive, data-intensive tasks, such as By analysing changes of driving behaviour or using other
model training, during periods of surplus electricity, such adeep learning mechanisms like image processing, changes in
those facilitated by solar energy. By strategically aligning th@ad conditions can be recognized faster and be removed. [18]
execution of these tasks with times of ample renewable energy
generation, we can capitalize on excess energy capacity whilgtonomous driving
minimizing the carbon footprint associated with Al operation®8y using autonomous driving, several positive effects for the
] climate can be achieved. Especially the detection of obstacles
C. Transportation by Al or the analyzation of the most efbcient driving style
Beside the agriculture and energy sectors, the transportate@m lead to a reduction of both, accidents and emissions.
and trafbc sector is another huge emitter of carbon emissiofis], [20] In addition to that, there are countless possibilities
Both, in the USA and the EU the transportation sect@o connect an autonomous driving Al to a transportation
is the biggest emitter of carbon emissions. In the USanagement Al, thereby further improving the dataset of
in 2022, about 28% of total greenhouse emissions carbpeth sides of the system. [18]
from the transportation sector, [16] while in the EU the
transportation sector made up about 26% of total gashousegeneral, Al-based systems in the transportation sector can
emissions. [17] Both of these statistics donOt inclube used for prevention and prediction of trafbc impediments,
international shipping. Because of that, there are a lot tife elimination of these and the general modelling and
possibilities to increase efbciency and reduce emissions in filanning of transport routes and transportation networks. All
transportation sector by using Al. This section of the papef that leads to an increased efbciency of the transportation
will therefor present some possible usages of Al in this sectgector and thereby to a reduction of emissions.
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[1l. RELATED STARTUPS highlights their commitment to fully automated, sustainable
farming practices.

A. Startup Agriculture - Carbon Robotics B. Startup Energy - Enercast

Carbon Robotics is a leading startup in the beld of agricul- Enercast is a leading technology startup specializing in
tural automation from Seattle. The company has set itself th€ather-based artibcial intelligence and the digitalization of
task of fundamentally changing agriculture through the ugenewable energy. It has around 20 employees and is based in
of Al and robotics. Founded in 2018, Carbon Robotics h&sssel.
quickly grown and now boasts a team of over 50 dedicatedBY Uutilizing self-learning SaaS products for precise fore-
employees. The company focuses on automated laser weedidgfing of wind and solar power generation, Enercast enables
[21]. Carbon Robotics has raised $79.3 million USD, witthe seamless integration of renewable energy into power grids
notable investors such as NVentures from Nvidia. [22] and energy markets. The Enercast platform endows digital
Laserweeding is a promising method for weed control becaud@/ticipants in the future decentralized energy system with the
unlike the use of herbicides or other mechanical methods,ntelligence necessary for the predictive and efpcient use of
has no negative impact on the environment. By precisely déhited resources. [26]
tecting and destroying weeds with the help of lasers, chemicaldEnercastOs mission is to enable the seamless integration
can be avoided and nature can be better protected [23]. Of renewable energy into power grids and energy markets.
By replacing the use of herbicides, with laserweeding tecRY providing accurate and reliable forecasts, Enercast helps
nologies, Carbon Robotics can contribute signibcantly in tiggsure that renewable energy can be effectively harnessed and
reduction of greenhouse gas emissions, as the productiontéifized, contributing to a more sustainable and stable energy
these chemicals is associated with substantial greenhouse y&éem. [26]
output. Since the manufacturing of herbicides involves energy-The Key features of their product is:
intensive steps and the use of fossil fuels replacing them will¥ Precision ForecastingEnercastOs algorithms use artibcial
have a positive impact on the climate [24]. neural networks to analyze patterns and correlations in
The main product of the startup is the OLaserWeederO. The large datasets, enabling precise short-term and long-term
OLaserWeederO is a trailer that can be attached to a tractor. Itforecasts for wind and solar power generation.
functions by using high-resolution cameras, computer vision,¥ Integration and Interactivity:The companyOs platform
and deep learning models to identify weeds among crops allows forecasts to be quickly and interactively integrated
accurately. Once weeds are detected, the system uses precisioninto business processes, making it easier for clients to
lasers to target and eliminate the weeds without harming adapt to weather-specibc deviations and optimize asset
the surrounding crops. The product works on more than 100 management.
different crops and according to the company kills up to 99% ¥ Energy Trading SupportEnercastOs platform supports
of weeds. Carbon Roboatics states that their product can reduce energy trading by providing stable price forecasts for
costs by up to 80%, with a return on investment achieved intraday, spot, and control energy markets. This enables
within 1 to 3 years [25]. better trading decisions and improved market efpciency

In addition to the trailer, Carbon Robotics also prOV|des a Enercast serves a diverse clientele, |nc|ud|ng energy Supph_
software called OCarbon Ops CenterO and a mobile app caledgrid operators, direct marketers, and industrial companies.
OCarbon Robotics Companion AppO. These two visualiggperates in over 20 countries and has customers such as
data produced by the trailer. This helps farmers gain use®bsch, RWE, Vattenfall and many more. [26]

information about their laser weeding process and optimize|t contributes to climate change mitigation by optimizing
their operations. [24] the use of renewable energy sources and reducing reliance on
Furthermore, the startup has developed a prototype of an @iksil fuels, thereby lowering greenhouse gas emissions and
tonomous vehicle that can laserweed belds independently. Tmporting the transition to a more sustainable energy system.
demo product is designed to perform laserweeding withowhrough its innovative forecasting technology, Enercast helps
human intervention, which further increases efpciency ampghximize the efbciency and reliability of renewable energy,

reduces labor costs. The vehicle represents a signiPcant §Ring a crucial role in addressing the global challenge of
forward in agricultural automation, showcasing the potentiglimate change.

for fully automated farming. [24]

In conclusion, Carbon Robotics is at the forefront of agricufe- Startup Transportation - Shippeo

tural innovation with its advanced laserweeding technology. Shippeo is one of the leading Start-Ups, providing Al-
By using Al in combination with robotics, the company nobased solutions for shipment tracking and planning. [27] The
only provides an effective and sustainable solution for weedmpany was founded in 2014, has more than 200 employees
control but also signibcantly reduces greenhouse gas emissiang is based in Paris, France. [28]

associated with herbicide production. With their product and Their solution offers precise tracking of all transport modes
supporting software, farmers can save costs and operate ntoréogistics companies by using thousands of data points. In
efbciently. The development of the autonomous vehicle furthaddition to that, their machine learning algorithm can also
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anticipate problems and alert the customers in advance. Usthg gains made in reducing emissions. Aligning Al operations
this amount of data, they can also accurately measure C®&h periods of surplus renewable energy availability can
and GHG emissions. [29] effectively mitigate this issue.

Their vision is, Oto build the leading platform for freight In the transportation sector there are also a lot of possi-
industry, by leveraging their growing network, real-time datdilities to reduce emissions through the use of Al. By using
and Al to help supply chains deliver exceptional customer combination of several Al technologies, such as machine
service and achieve operational excellence.O [28] learning, big data, pattern recognition, image processing and

By providing all that information, customers can predictnany others, there are countless new possibilities for better
their supply chain better. Therefor there are more possibilitiptanning the transportation of goods, managing the transporta-
to automate processes and plan the supply chain better. fon network, anticipate accidents and other congestions or
example, the port congestion insights and predictions can hedact to certain spontaneous conditions. Using all of that, there
the customers to make their supply chain more efbcient ye many possibilities to make the transportation sector more
sending the connecting transport perfectly, so that there @&fcient and by doing so reducing the emissions. In addition

no additional waiting times caused. [27] to that, autonomous driving also holds a lot of chances for
The main advertised modules of ShippeosO platform @rereasing efbciency.
[27]: Overall, Al offers transformative potential in addressing
¥ A module to onboard new carriers fast and more efpcieglimate change by enhancing efbciency, reducing emissions,
than previous industry standards. and supporting sustainable practices across key sectors. To
¥ A module to monitor shipments in any kind of transporta’-naximize this potential, it is crucial to continue developing
tion mode, also using notibcations and alerts. and implementing Al technologies while overcoming the as-
¥ A module to view port congestions everywhere in thgociated challenges. With careful management and continued
world by providing real-time container visibility. advancements, Al can play a pivotal role in achieving signif-

¥ A module to calculate emissions constantly and accurateant environmental gains, marking a decisive step towards a
¥ A module which provides high quality data to anticipat€leaner, more sustainable world.
the estimated time of arrival more accurate than other

standards. ] ok ) ek
. . 1] D. Rolnick, P. L. Donti, L. H. Kaack, K. Kochanski, A. Lacoste,
The Start-Up has had several fundlng rounds with a'[' K. Sankaran, A. S. Ross, N. Milojevic-Dupont, N. Jaques, A. Waldman-

estimated total funding amount of about 108 million US-  Brown, A. Luccioni, T. Maharaj, E. D. Sherwin, S. K. Mukkavilli, K. P.
Dollars, provided by several venture capital companies. [30] In  Kording, C. Gomes, A. Y. Ng, D. Hassabis, J. C. Platt, F. Creutzig,

.. J. Chayes, and Y. Bengio, OTackling Climate Change with Machine
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