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Abstract Biomass, such as crop straw, is an important raw material for biogas production by anaerobic
digestion. The trans-seasonal storage requirements of biomass are critical for the continuous year-round
supply of feedstock for biogas plants; sometimes for extended durations because of its inherent seasonal
harvest characteristics. Therefore, the primary task of this study is to realize a sustainable supplementation of
biomass. To affiliate the link of biomass storage and biogas utilization, and establish the integration between the
downstream and upstream systems of biogas plants, preservation methods, including dry and wet storage, were
reviewed in detail. Furthermore, wet storage methods, such as ensiling, hay silage, co-ensiling, were emphatically
analyzed based on the different characteristics of various biomasses. Based on this, a series of strategies for
process regulation during storage were explored in terms of lactic acid bacteria, bio-enzyme, chemical additives,
compound additives, etc., to achieve the goal of high-quality, long-term preservation, and to obtain a favorable
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energy conversion efficiency. The effects of the ensiling process and diversified regulation strategies for biogas
production performance were summarized, and the biogas production performance before and after storage
was compared. Presently, the trans-seasonal storage and anaerobic digestion process of biomass are being
widely investigated, respectively. However, the correlative mechanism between the upstream and downstream
is not completely clear, which was imperative to be evaluated according to the biomass properties to maximize
energy conservation and energy conversion. In conclusion, ensiling of biomass and the wet-storage method is
an effective way to preserve the nutrient and ensure sustainable supplementation. The correlative mechanism
between storage and downstream biogas fermentation are the main directions for future research.

Keywords biomass; dried storage; wet storage; biogas; process regulation
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Table 1 Comparison of different storage types of biomass
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Table 2 Methane or biogas production potential for different biomass before and after ensiling'

¥ Biomass

77/ (B4 Production of biogas or methane®®

ik KR References

T Fi B 72 1 Forage rye grass
T4 i 32 5 Ensilaged forage rye grass
% Sorghum

I 42 Ensilaged sorghum

£ K Maize

I E K Ensilaged maize

H/NZZ Triticale

I H /N4 Ensilaged triticale

i A1 F 7% Fresh switchgrass

FHIC W Ensilaged switchgrass
= 2E 3¢ B Tall fescue

P °F 5 51 Ensilaged tall fescue

293.3 L/kg ODM" [74]
313.4 L/kg ODM" [74]
317.1 L/kg ODM ° [74]
327.4 L/kg ODM® [74]
329.9 L/kg ODM® [74]
359.8 L/kg ODM” [74]
339.5 L/kg ODM® [74]
364.2 L/kg ODM® [74]
102.44 mL/g TS ? [81]
154.25 mL/g TS ® [81]
316.0 mL/g ODM ® [83]
318.3 mL/g ODM® [83]

1 REUR B RSN UR B 2. JRbRadm AU 5 JH ARbRoR Hbe P i

3. ODMERANAYIR, TS 7w [l .

1. The results were obtained based on batch anaerobic digestion; 2. The shoulder lable a means biogas production; the shoulder lable b means
methane production; 3. ODM means organic dry matter, and TS means total solids.

F3 FRIRMFIEES EMRE B~ Rl =B SENh#E

Tables 3 Effects of different additives on methane or biogas production potential for biomass silages

JERE N I 2
Material Regulation by additives

A (H B & SR AU
Production of biogas or methane References

Jo ¥ 77 I Ensiling without additives

WA e EANER Y1 7 & Ensiling with sodium nitrite
Forage rye i gl 4 B + Aii ECFLAT B P 42 75 06

Ensiling with Lactobacillus plantarum and Lactobacillus brucella

T ¥ N7 75 I Ensiling without additives

Sorgéﬁ%m 3V fit§ /8% £ 1 % 7 2 Ensiling with sodium nitrite

Jo ¥ 77 I Ensiling without additives

2 F R A A0 TR R 9 1A 4% 75 I Ensiling with sodium benzoate and sodium propionate

B ST # #7517 Ensiling with L. plantarum
Maize (Y FLHT 1 + A7 K FLFF B % 75 Ensiling with L. plantarum and L. brucella
T FLAT B+ A LT + Pl v 3R O 42 75 )
Ensiling with the mixtures of Pediococcus pentosaceus, L. plantarum and L. brucella
g JEERINF I Ensiling without additives
Triticale  LHHEHAYE 1275 1 Ensiling with sodium nitrite
T4 + A I LT #2575 1 Ensiling with L.plantarum and L.brucella
Jo ¥ 77 Ensiling without additives
iR BELMT B R 4E T I Ensiling with L. brevis

Switchgrass & % ¥ il i % 75 I Ensiling with xylanase

JEFLAT 1 + K R B Al 5 1 4% 75 ) Ensiling with xylanase and L. brevis

JE ¥ N5 I Ensiling without additives
ik 2 if #% 7% ) Ensiling with molasses

.. &N Ensiling without additives
HREE s 9
Napiergrass

TR B R 4 75 1t Ensiling with saccharose
FH R 1 4% 75 ) Ensiling with formic acid

FIFLAT I + A7 EFLAT 18 4% 75 1 Ensiling with L. plantarum and L. brucella

S AR 1 LR 9% 75 I Ensiling with heterofermentative lactic acid bacteria
[|] 784 % W% L2 T I 4% 75 1 Ensiling with homofermentative lactic bacteria

308.3 mL/g ODM ®
311.5 mL/g ODM °

318.5 mL/g ODM ®

301.8 mL/g ODM®
306.9 mL/g ODM ® [74]
299.7 mL/g ODM °
345.5 mL/g ODM °
333.6 mL/g ODM ®
331.9 mL/g ODM °
328.8 mL/g ODM °

342.1 mL/g ODM °

364.2 mL/g ODM®
338.9 mL/g ODM® [74]
374.2 mL/g ODM °
154.25 mL/g TS ®
174.42 mL/g TS ®
167.70 mL/g TS ®
181.11 mL/g TS *
244 mL/g VS ® [82]
273 mL/g VS ®
344 mL/ig VS "
383 mL/g VS "
350 mL/g VS ®
355 mL/g VS "®
356 mL/g VS °

[74]

[74]

[81]

[84]

JEFRa R B AU R B bR R W . ODMAEIR A WL, TSHRIR B, VSRR R M [ 4.
The shoulder lable a means biogas production; the shoulder lable b means methane production. ODM means organic dry matter, TS means total

solids, and VS means volatile solids.
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