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Abstract To comprehensively understand the common key technologies and development trends in global
corn stover utilization, this study utilized Innography to search and summarize the global corn stover patents
published during 1854 and 2021, and focuses on the analysis of global corn stover patent filing trends,
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filing institutions and comprehensive strength, and patents distribution across countries, etc. Visualization
tools were also used to analyze patent technology clustering, providing insights into research directions and
key common technologies in these fields. Among the innovative corn stover utilization technologies, high
patent intensity patents were selected as representatives to discuss the directional leadership of patent on
comprehensive utilization technologies of corn stover in the areas such as emission reduction and carbon
sequestration, green ecology, modern equipment, high-value materials, intelligent information and
biochemistry. The analysis revealed that China’ s corn stover patents have a low authorization rate, and
uneven development in R&D fields, a lack of international patent layout, relatively few patents on innovative
utilization methods, and a low proportion of enterprise R&D. From 2017 to 2021, innovative utilization
technologies for corn straw included carbon storage technologies in solid-liquid-gas states, which can
achieve innovative carbon reduction and sequestration technologies; utilize corn stover can specialize the
planting return method and the innovate of fertilizer utilization, increase crop yield, improve soil quality, and
prepare substrate and green products for agricultural purposes, thereby achieving innovative green
ecological technology; optimizing corn straw processes and methods using modern information technology
can enhance resource utilization efficiency; optimizing straw collection, pre-treatment, and utilization
equipment using innovative modern equipment technology can enhance agricultural machinery efficiency;
developing high-value material technology for corn stover from the perspective of raw material innovation
and high-performance material demand can achieve innovative utilization; utilizing biochemical technology,
including fermentation technology, green fodder, microbial bacterium, and enzymatic technology, can be
applied for innovative utilization of corn stover. Therefore, it is recommended to increase the number of own
core patents or high-impact patents, improve the conversion rate of scientific and technological
achievements and the proportion of international layout of patents, universities and research institutes. The
integration of the industry should also be strengthened to expand the scope of innovative technology
utilization. The corn stover high-value material industry represents an important breakthrough direction. By
developing high value-added products and achieving resource recycling for comprehensive stover
utilization, new opportunities and development paths for the entire corn stover high-value utilization
industrial chain can be expected.
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2024 4F 55 29 %

A AE )l FT 2 — b T 0 A ) 5 B R sh A i)
2021 4F 4 [R5 A1 77 A2 4 8. 6542 t, Hevp K FG FF77
ARRE] 3. 21441, N HE 37 %0, EOKFE AT 5 HiAh
EVRE A A L B A mi A L R m iR
PAE SRS BORREAF IR 2 a0 A TR E AL
J7, ATAE R s i ke BB IR L RERE R R R 4 3 AT
DLBE AR PR B8 05 e R gt o 3 ik o RS AT 256 AL
XEFARBE AR f ] FRLl & e A EEE . Kl
RFSFR G T 2 WO it RS R R A LR dn ik
il T 3 5 A ) P 5 R TR RO H S TR B A
M A B 28 5 £ K e % LT kR R O =X, 52
IR K FE A o 250 A 0 e BRI E R L DR ALK T
A MRHE T, A A HERE S RN A R AT TR
T ERFEFF L6 Q8 R B AR X £ MRS R
SV R RS R R B BN E L,

LR 43 BT X & ) SCHR SEAT WF 58 R4 AT, &

H B RS ST TRIR AR B R 25 S5 R W] LA
M E B S R bR . /R 51 AT L L A
HEE RIS ST RV SR BT T L A A I A
JRCBE L 3265 AT LA Bl 5 67 & ) i T 2 AR 4R, 3%
B o B I S B T LAY B Aol 5 AL R A5 SR G
7l B A S R A B 7l a3 A A% SR L KT 5 1)
SR LR T A BRES AT R & A
O H I R, S TR B R L e R A R A K
SR A5 )R O 4 4R e Ak i BIF R KBS A
B W% 0 e M sl 5 B2 W A3 A B R0 R A o I A R
FFHE A5 6 AT S SRR 45 T TG A F 4 110 3 S 3L
C A F 5 b X RS AT 19 & R o M 2R R T4 LA
AR 55 KA 3BT T A AT AR EOR &
T AR R b A o3 A R AT B IR A o A R BT
BE , 73 A BGR JRURE A 8 % 2 12 O 3 0t O
i), 15 P AR 8 45 A — S P I R 579 B I



A1

WRERAS 5L T 23 BT A9 R 5 FF 15T A T 25 3 5Y 3

I w0 #4 C JEURE o R R T S LR FE R e
IR AT 3 H AR A K &R ) % G AT 34 T R 480 % F)
A3 BT, SR R T RS AR R B R RE T Lk
Jr SR AR A SR = Z N G BE R R R AR
ARG Z M E SN G&. EHEESE" N
B[] 23 i) B 9 B SR 9T 32 A5 22 4k Ay A A
A6 FF WSO 0 1Y) e e 2 . TR b P Bl A IXCAE AR AT
WSC A I T 0 T AT L B R R A R R B 5 AL
AR B A s T R Ui AR KBS AR S 4 4, HL
X F- 3 TR 2 B0 bR i A DR AR AT I 3R
J5 N SR D RE I oY . B AE TN H I
B XA AT R R S A R K 3 R AR Ty T T R T
A A R B T A R 4 R e e 22 S it 9 e AR
T AFRE IR AL A 2 R 20t T DL Ak H R O &
B 1) AT A i Y AR R & T 7 i AREOR Oy 32 B R
fift AT AR L BRI AL B R AT K T
AR B R A S AR X I AR 18, A RS A R
PEAL R Fe AR 285 1 LA Ak il 28 5 R B4R 4 R
“hy 3 B 1) LA T B AL R RV AR Ty FE 0 K e
e 8 T AR WA B R B I H R R R R T ) 2
L TN AF VR R O R AT ) A 28 b A 2 AR A
BE LRI 7 2R A Oy AT 40 B L A Ok TR B KB
PR B Bk ke B ™A B BLOL R, B BB AU R Y
S o AWy T BE AR 2 R RS AT A4 A 2 G A S D g A
Ge AL MR AR SR B R R —

Innography /& 5% [E Innography /2~ &) & H 1 — 2K
R BUOR BE 23 B 5 K R i o BAT iR R
R KA P A 104 4 W] R R XA [ K e X
L FVEHE R L E BRI LB TR R REM 2L
FIF VA B A L R & AT )L R R R 51
420 22845 B Innography i #E N7 T AR 19 &
FI 58 BE 48 bR L 1] 25 G 2207 T 4R bR DAl A L ) 0 25
GO E TR L LR Gephi & T Z N T
PRE B o3 B 854 53 B 4k 22 R 45 53 B A AR )
I 265 43 BT S5 ST, T AT A B A R RO s R A AT
PLAb 3R A B AR R S, BOdE OE AT 0 Uk A
gy

B NP R DR I B TR A NE A 1
Gt oy B, 0 AE A FE QR A ] H AR SR A 5 B H
RS I W 5 e WA GE . A WFFE R A Innography
for 2R I Ui e K R A A T 40 B & R EE L iz
Gephi B3 53 81 T H. | 325 & Excel F 4 X £ K #E FF

It R ) A A AT 1A 3R R R 2% 2 ET A AR A
B, BTE T 4 R ORAE AT AT B9 3L SC B R |
KA F LN R BIHTETHT LA O 3R R KA AR
M AR ZS %

1 HFERESHRTE

DL F KR AF 7 R K43, 78 Innography 44 &
bt R AR RN R RERA @
(abstract, claims, title) (“corn stover” or “corn stalk”
or “corn residue” or “corn cob” or “corn straw”) J 1%
H maize 24 corn W [A] SRl o AR SE B B 58 %0 4 Sy B
B 1 KA FF L A, DRI A R AT R N, A AR R
A2 A A H b B B S T EORFS R R
FIA s N AW B o X T oK B o 4 o 7 FF A
KWLM & T A RAEY R, A B A B X5
PRI E R FEFF & AT 5T, 3% 26 L R A4 & 72 A 0F
LRGN o 23 R 6] e 9 8 g e s, e 43t
6K F 1854—202 1 4F Y 5 214 A G Al . T &
I H I B L R A TR KA 18 A i J5 0, 45 K
LR AL TR A TR, B 2018—2021 4F 1y &
I D T SE PR B g, L3R 1.

L F] 58 i J& Innography 3 61 B9 & F] ¥F 4 38 45
FOAE FT 25 B P Do A 5 5 R0 & R L JE
LR SCHR A BRI 7 Y AR AR LR S T R A
VRIA NG B0 B85 TR B % R R 3 3 B2 A0 i
o AT ) A ) SR B A0 5 22 i 4 R SOk
B 55 2 AL AN E AR SCHE ARt A . L A5
JE I X E] 2R 0~100, ok 42 35 T 100, Fon € FA1#
PE HCAR K Rl i R R0 R LR R R AR LR
(BB R o DU RIS BE 5 AR o 32, PP Al KA #F & R
ZEA A L HIE HLAE X K S A & R A6 R B R
AR R S B0 AN KT FE A L AR08 BRBFSE

2 ZRERBFENEITHE

2.1 HFE®

iy & 1 A1, 1995—2021 4E i £ K F% FT & F
T KRBT 43 R B2 B Br (1995—2005 4F ) e i
& J& B Bt (2005—2013 47 LA I Fa e By Bt (2013—
2021 4F) o AR B9 TOKRFEFF & R Ok 1854 4R BR A
L ) Ja B2 BLE DA TE A T oK A v i RS R R
AN v A 5 — T R KA FE R & R 1995 4R
B2 Tk 42 WS TR A R TR BT 0 % B R A



IS [ N SR S 2024 4F 55 29 %

x1 EABHEMNEBERIPCRS
Table 1 Corn stover patent types and IPC code

AR

Technical

IPC AR 5 B & Fl B AR
IPC code and patented technology

W A e Ak 3

Harvesting and pre-treatment

& #1785 #E Straw cleaning (AO1B) , W HI ML Harvester CAO1D) , i % Threshing (AO1FO011 .
AOLF012) , #il #. Binding (AOLFO15) , #% 77 Storage (AO1F025) , ¥ % Cutting ( AOIF029 |
B26D) , K B Sterilization (A23B) , #t# Baking (A47]) , i # K B Sterilization (A61K) ,
ML W& 43 f# Mechanical decomposition (B02C) , Bk 4% Impurity removal (BO7B) , 7 &
Separation (B27J) , /& 4 Compression (B30B) , f #¢ Briquetting (B32B) , f %% 5 #f L Wl %
Packing and unpacking machine (B65B) , i i Transport (B65D) , i% ¥ Feeding (B65G) , 13
H W) B f#: Microbial degradation (C12N001) , 3 H T. # Genetic engineering (C12N015
C12Q), T ¥ Drying (F26B) , Ml # fk 1 Jit Physical and chemical properties (GOIN)

JIEREAE A

Fertilizer utilization

i [ % B Returning equipment (A01C) , £ K 8 75 7] Growth regulator CAOIND , 4 #L I8
Organic fertilizer (CO5F) , + 3 K | Soil improver ( CO9K)

R A

Fuel utilization

A W % % BE Biochar fuel (C10B053) , #% i Fuel oil (C10G001) , A% %I #% ¥} Formed fuel
(CI0L) , i K5 Alcohol (C12G) , & [ Jx I #% Fermentation reactor (C12M) , & [%
Fermentation (C12P)

5 A Ak A

Feeding stuff utilization

Wy iE B Animal feed CA23K) , il B Ak # AL Feed processing machine CA23N) , il 8} i i
4L ® Feed pelletizing device (B01J002)

JEOREAE A

Raw material utilization

W [t 57 Adsorbent (B01J020) , 4 4k %) Catalyst (B01J027) , Y ¥l Dye (B27K) , il #iz ¥4
Plate production (B27M \B27N) , i ¥4 5% 2E #) Bk Activated carbon biochar (CO1B) , 7K b #
Sewage treatment (CO2F) , #& F+ # 51 # # £ 68 Improvement of building material
performance (CO04B) , il ik ¥& 1k & % Carbon ring production compound (CO07C) , il £
Production of polysaccharides (CO8B) , K 4> F 1k & % Macromolecular compounds (CO8L) ,
T e Bl | £F 4k % B Macromolecular compounds (COSL) , il 42 B} | £F 4 & % Production of
dyes and cellulose films (C09B) , & & Food (A23L) , il i 2 B f# 7= M Enzyme production
and enzymatic sugar production (C12N009) , K # Xylose (C13K) , #L # # 4% Mechanical
papermaking (D21B) , #2& U 4F 4 Fiber extraction (D21C), 48 Pulp (D21H)
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Medium material utilization

W AE W) B 9% W Microbial culture solution (AO1H) |, BE #f B 3% £ Mushroom medium
(A01G18) , HiAlh B J& 4% 5% 3 Other fungus medium (CO05G)
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PM2. 5 BE& 5 R4 Bk 3 AR F A 5 A B 2 3R (COSGO M BT (R 2 3 1R 2 6 7 4 55

Note: A01F029 is field cutting process, involving rotary and reciprocating cutters in tractors and supporting feeding devices, loader blowers,

equipment, and B26D is field cutting process. Impurity removal (BO7B) is divided into two parts, and BO7B009 is straw dust removal

and filtration process, the rest is separation process of straw, corn cob, and grain. The main adsorbed substances in the preparation of

adsorbent (B01J020) are PM2. 5, herbicides, heavy metals, antibiotics, agricultural chemicals, etc. , and other fungus culture medium

(C05G) includes black fungus, reishi mushroom, cockle mushroom, spore mushroom, etc.
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Table 2 Number of corn stover patent applications and grants in major countries and global
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Fig. 3 Global corn stover patent intensity distribution
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Table 3 Corn stover patent high patent intensity institution
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Table 4 International layout of corn stover patents
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