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[bookmark: _Hlk495475023]Agro-industrial by-products are generated in large quantities every year, and the adoption of environmentally safe management strategies for these materials is of growing importance.
Brewers’ Spent Grain (BSG), the main by-product of the brewing industry, was used as substrate for biogas production through Anaerobic Digestion (AD). BSG was digested both as a single substrate and in co-digestion with walnut residues (WN) derived from timber trees. This lignocellulosic biomass is a by-product of wood production and therefore does not compete with food resources. The selection of walnut residues was based on their chemical composition, which allows improvement of the overall carbon-to-nitrogen (C/N) ratio of the feedstock. Anaerobic digestion experiments were conducted in batch lab-scale bioreactors, using an inoculum-to-substrate ratio of 3:1 on a dry weight basis. The results, normalized per unit of Volatile Solids (VS) showed that the co-digestion treatment achieved a higher biogas yield than the mono-digestion of the individual biomasses, with a production of 9.6*10-3 Nm3/gVS, compared to 7.4*10-3 Nm3/gVS for BSG alone and 4.5*10-3 Nm3/gVS for WN alone. The present study aims to investigate the properties of each biomass which led to the improved production detected during co-digestion tests. Key biomass parameters, influencing AD performances, were explored, such as C/N ratio, fiber composition, and morphological structure of the organic material.
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Introduction
In response to the growing global demand for renewable energy, as well as the urgent need to reduce CO₂ emissions and decrease reliance on fossil fuels, interest in Anaerobic Digestion (AD) for biogas production has increased significantly in recent years (Sawatdeenarunat et al., 2015). 
The AD is a microorganism-driven process that occurs naturally and involves four main stages. The first step is hydrolysis, during which complex organic polymers are broken down into their monomeric units. This is followed by acidogenesis, where these products are further converted into short-chain volatile fatty acids. In the subsequent acetogenesis stage, acetogenic bacteria convert volatile fatty acids into acetate, CO₂, and H₂. Finally, methanogenic microorganisms convert these intermediates into biomethane during the methanogenesis stage (Xu et al., 2019). In principle, anaerobic digestion can utilize a wide range of organic biomass as feedstock, including residual by-products from the agri-food industry, agricultural crop residues, livestock manure, and the organic fraction of municipal solid waste (Adedeji & Chetty, 2021; Hagos et al., 2017).
In particular, lignocellulosic biomass has attracted considerable attention, especially when derived from the agri-food industry or generated as a residual by-product of industrial processing. These biomass streams are particularly attractive because they represent waste or secondary resources and therefore do not compete with food or feed production.	
These types of biomass are typically lignocellulosic in nature, being mainly composed of cellulose, hemicellulose, and lignin, which together form a rigid and recalcitrant structure that is difficult for microorganisms involved in anaerobic digestion to degrade particularly limiting the hydrolysis step of AD (Khanal, 2009; Monlau et al., 2013). Consequently, the anaerobic digestion of agri-food biomass often faces limitations associated with the structural complexity of these materials, which can reduce process efficiency and lead to process inhibition. For this reason, pre-treatment strategies are often required to improve biomass accessibility and enhance biodegradability, and several studies have focused on this aspect (Di Mario et al., 2024).  
An interesting study by (Li et al., 2018) investigated the individual contribution of each fiber fraction to anaerobic digestion, also evaluating the effects of their combinations. Their results showed that cellulose and hemicellulose individually produced higher biogas yields compared to lignin, as expected. Moreover, the co-digestion of lignin and hemicellulose exhibited a synergistic effect, improving AD performance compared to their mono-digestion. In contrast, the addition of lignin to cellulose showed a stronger negative impact on biogas production than the co-digestion of lignin with hemicellulose. Other factors influencing the dynamics of anaerobic digestion include the chemical composition of the individual biomass, particularly the carbon and nitrogen content and their ratio (C/N). Indeed, the literature reports that very low or very high C/N ratios can lead to process inefficiencies due to an imbalance in nutrient composition and availability for the microorganisms involved in anaerobic digestion (Dai et al., 2016; Gambelli et al., 2025). Considering these aspects, it is important to evaluate the co-digestion of distinct types of lignocellulosic agri-food biomass. Due to their different fiber compositions, these substrates may lead to different biogas yields depending on the mixing ratio used in co-digestion. The positive effects of co-digestion have been widely investigated and reported in the literature, confirming that this low, or zero-cost approach can represent an effective strategy to improve the biogas yield of anaerobic digestion (Dai et al., 2016; Di Mario et al., 2025; Hagos et al., 2017; Umetsu et al., 2006).
The aim of this work was to evaluate the effects of co-digestion, C/N ratio, and the morphological structure of biomass on biogas yield using residual lignocellulosic materials. Specifically, the selected substrates were Brewers’ Spent Grain (BSG), the main by-product of the beer industry, and walnut residues from timber production. Both types of biomass represent non-food materials with high potential for valorization. Their individual biogas yields were assessed, as well as the yields obtained from their co-digestion, with a focus on the influence of their chemical composition and structural characteristics.
Materials and Methods
Biomass used and their chemical characterization
The biomass used in this study included Brewers’ Spent Grain and walnut residues from timber tree fields. BSG was kindly provided by a brewery company in Perugia, while the walnut residues were harvested from a timber field near the city of Perugia.
The chemical characterization of these biomass types included the determination of moisture content, volatile solids, and carbon and nitrogen contents. For walnut biomass, its three main components, husk, shell, and kernel, were separated and analysed individually. Moisture content and volatile solids (VS) were measured following standard procedures with minor modifications (Montegiove et al., 2024). For moisture determination, approximately 2 g of each biomass sample were dried in an oven (TCN 50 Plus, Argolab, Modena, Italy) at 105 °C until a stable weight was reached. The moisture content was expressed as the percentage of weight loss relative to the initial wet mass. To quantify volatile solids, 2 g of the dried biomass were placed in ceramic crucibles and incinerated in a muffle furnace (FM13, Falc, Bergamo, Italy) at 550 °C for 24 h. After cooling the crucibles were weighed again, and VS content was calculated as the difference between the mass before and after combustion. Total organic carbon (TOC) content was measured using a TOC/TN analyzer (multi N/C 2100, Analytik Jena GmbH, Überlingen, Germany). Total Kjeldahl nitrogen (TKN) was determined according to the official standard protocol (Kirk, 2002).
SEM and TGA analyses
The samples' morphology was analysed using a Scanning Electron Microscope (SEM, Vega -Tescan) Samples were deposited on a conductive tape and gold-coated using an ion sputter coater and observed with the gun operating at 15 kV. The analysis of the thermodegradative behaviour was performed by heating the samples from 30 to 900 °C at 10 °C·min−1 under a nitrogen flow (250 mL·min−1) by using a Seiko Exstar 6300 (Seiko Instruments Inc., Chiba, Japan). Thermogravimetric analysis (TGA) enables the identification of hemicellulose, cellulose, and lignin fractions based on their characteristic thermal degradation ranges. These components exhibit different biodegradability, with hemicellulose and cellulose being more readily degradable and lignin more recalcitrant; therefore, their relative distribution is relevant for interpreting anaerobic digestion behavior.
Additionally, the residual mass after thermal degradation provides an indication of the presence of inert or non-biodegradable fractions, which may influence the overall methane potential. 

Anaerobic digestion process
The biogas potential of the selected biomass was assessed through laboratory-scale anaerobic digestion experiments. Batch reactors consisting of two connected glass bottles were employed. The first bottle contained the inoculum and the tested biomass, where the anaerobic digestion process took place. This bottle was connected to a second bottle filled with deionized water, which was used to quantify the volume of biogas produced. Bioreactors operated under mesophilic conditions at 37 °C. The inoculum and substrates were combined at a dry weight ratio of 3:1 and for co-digestion, the biomass fraction consisted of equal parts BSG and WN (1:1). The reactors were loaded with individual biomass types, Brewery’s Spent Grain (BSG) and walnut (WN), as well as a co-digestion mixture of BSG and WN. Since the tested biomass tended to float on the surface of the mixture under static conditions, the reactors were periodically agitated to ensure proper mixing and maintain contact between the substrate and the inoculum.  For the latter biomass, the process was also carried out by considering exclusively its kernel (KR). All experiments were performed in triplicate, and the results are reported as the mean values ± standard error.
Results and Discussion
As stated in the previous section, each sample has been tested in triplicate. Table 1 reports the average biogas production, together with the level of uncertainty, expressed ad percentage. The table also indicates the time period required to complete the anaerobic digestion process. 
Similarly, Figure 1 shows the cumulative biogas production curves defined for each sample. Continuous curves describe the average cumulative biogas production, while dotted curves describe, for each sample, the same parameter but with the maximum and minimum values measured every day, in order to highlight the maximum difference observed between tests carried out with the same sample.
Table 1: For each sample tested in this study: total amount of biogas produced, maximum difference observed between experiments made with the same samples (each test has been made in triplicate) and time required to complete the digestion process. BSG: Brewers’ Spent Grain; WN: Walnut; BSG+WN: Co-digestion of BSG and Walnut; KR: Walnut Kernel.
	Sample
	Biogas produced [Nm3/gVS]
	Max deviation [%]
	Production time [days]

	BSG
	7.57*10-3
	14.29
	72

	WN
	5.92*10-3
	14.64
	53

	BSG+WN
	1.04*10-2
	7.15
	63

	KR
	9.34*10-3
	11.44
	38




Figure 1: Cumulative biogas production, expressed as Nm3/gVS. BSG: Brewers’ Spent Grain; WN: Walnut; BSG+WN: Co-digestion of BSG and Walnut; KR: Walnut Kernel.
The results proved that, by itself, BSG can be considered as a good biogas producer, with a mean production of 7.57*10-3 Nm3/gVS. A slightly lower yield was reached with WN, which did not exceed 5.92*10-3 Nm3/gVS. Differently, when the sole kernel of WN was used, the production resulted significantly improved, with 9.34*10-3 Nm3/gVS of biogas. However, it should be considered that this latter test was carried out exclusively for better characterizing the process, or defining the potentialities of each component of WN, while an initial separation of WN into its main components before AD, could not be taken into account for practical applications.
The most interesting evidence belongs to co-digestion tests, carried out with a mixture of BSG and WN. Those tests revealed the highest biogas production per mass unit of biomass inserted in the bioreactors: a mean production equal to 1.04*10-2 Nm3/gVS was measured. The results highlighted a synergy between the two species: their usage in mixture allowed to remove the limiting factors, typical of the two biomass used separately, thus improving the overall process yield. According to the experimental procedure defined in Section 2.1, the different species were analysed, and the most relevant results are resumed in Table 2.

Table 2. Characterization of the species tested in the present study. Walnut components (husk, shell, and kernel) were analysed separately due to their different compositions. DM = Dry Matter; TOC = Total Organic Carbon; TKN = Total Kjeldahl Nitrogen
	
	Husk 
	Shell
	Kernel
	BSG

	Humidity [%]
	65.09
	81.59
	87.65
	78.30

	Volatile Solids [%]
	90.83
	98.24
	97.69
	96.91

	TOC [% of DM]
	31.84
	37.10%
	35.84
	26.66

	TKN [% of DM]
	1.16
	< 0.002*
	2.20
	3.9

	C/N 
	27.45
	NA
	16.29
	6.84



The results included in Table 2, motivate the higher production obtained in co-digestion. BSG showed a significant biogas production; however, the low C/N ratio (6.84) denoted an excessively high availability of nitrogen, if compared with the organic carbon. That value justifies the longer production period observed during tests (72 days before reaching the process completion), in comparison with the other matrices. The abundancy of nitrogen denoted high availability of nutrients for bacteria and ensured their activity for a longer time period. However, the relative scarcity of organic carbon led only to a weak biogas production during the second half of the digestion process. The opposite trend was observed for WN, whose corresponding C/N ratio was equal to 27.45, or approximately four times higher than BSG. The mixing of these two species allowed to overcome the partial lack of carbon, observed for BSG and, at the same time, to enhance and extend the bacterial activity for WN, thus converting a higher portion of organic carbon available for the process. The values measured for C/N ratio were main criteria used to define the co-digestion option proposed in this research.
In order to deepen the reasons behind the marked synergy, observed between BSG and WN, in terms of overall biogas production, the different samples were characterized via SEM and TGA, according to the procedure described in Section 2.2.
Figure 2 reports FESES images for WN and its main components. FESEM images for BSG can be consulted in recently published studies, made with the same procedure and the same instrumentation here adopted (Di Mario et al., 2025). DTG and TG curves, for the same samples, are shown in Figure 3.

[image: ]Figure 2: From left to right: FESEM images for walnut kernel, walnut shell and walnut husk. The images in the upper row were acquired at lower magnification (scale bar: 100 μm), providing an overview of the surface morphology, whereas the images in the lower row were taken at higher magnification (scale bar: 20 μm), allowing a more detailed observation of the microstructural features.mallo

The microscopic morphology of the surface of walnut kernel reveals the presence of densely arranged rectangular cells and an oil body membrane covering the substrate, the surface appeared smooth (Li et al., 2024)  while, in the case of walnut shell, a highly porous structure was evidenced (Liu et al., 2021) The morphological investigation also confirmed that walnut husk resulted as an agglomeration of fibrous structures, originating from native cellulose with typical fibrillar or fibrous morphology of cell-wall material (La Torre et al., 2021; Savic and Savic Gajic, 2025). 

[image: ]
 Figure 3: DTG and TG curves for walnut kernel, walnut shell and walnut husk.mallo


TGA/DTG curves for green husk indicate that initial mass loss is caused by moisture evaporation and. The significant mass loss reported at ≤ 500 ℃ is presumably due to the volatilization of dominating components (hemicellulose, cellulose, and lignin). At temperatures higher than 500 °C, thermolytic rate decreases, leading to the formation of biochar through carbonization, deoxygenation, and dehydrogenation Kim et al., 2025) Analogously, in the case of walnut shell, at temperatures below 150 °C moisture evaporates, while the major pyrolysis zone of cellulose/hemicellulose causes a mass loss of roughly 65% at temperatures ranging from 200 to 400 °C. At temperatures above 400 °C, lignin carbonizes slowly, yielding around 20% residual char (Zhu et al., 2026) The thermal degradation profile of walnut kernel is slightly different from the other two wastes: walnuts contain a significant quantity of proteins (up to 24% of the walnut seed weight), carbohydrates (12-16%), fiber (1.5-2%), and minerals (1.7-2%) (Jahanban-Esfahlan et al., 2019). After removing humidity, seed cakes undergo thermal degradation in a single stage between 150 and 500 °C, resulting in a mass loss of around 60 wt%. In addition to the primary DTG peak, which indicates cellulose degradation, a shoulder at around 250 °C is noticed, which can be read as volatilization without breakdown of fatty acids in the seed or degradation of the most labile structures in proteins. The tiny shoulder at roughly 450 °C in the DTG curve indicates lignin structural degradation in the kernel; the pattern observed for the DTG curve of the seed cakes confirms the seed's complex and specific composition, as well as the interaction between the components (Butnaru et al., 2024). 
Conclusions
The co-digestion of different biomass residual and/or agro-industrial wastes represents a promising option for improving the biogas yield without adding further variables and cost to the production facility. Brewery’s Spent Grain was tested with Walnut, and the results were briefly documented in this study. Walnut from timber trees was selected for the research, since this product is not used for alimentation (it does not reach the requirements of the demand) and, at the same time, is relatively easy to gather. Moreover, this raw product is quite diffuse in area where walnut timber trees have been widely used as reforestation species as, for instance, the middle-Italy. The promoting effect, due to the mixing of BSG with WN, was here experimentally proved. The various samples were then analysed, in order to detect and characterize the reason behind the synergistic effect denoted during anaerobic digestion tests.
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BSG	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	2.9651842545239967E-4	8.3564283536585358E-4	1.3698661142800943E-3	1.7815611182140046E-3	2.1319919846577492E-3	2.3133338316286387E-3	2.4971262440991343E-3	2.6858197875688429E-3	2.9063706825334375E-3	3.1685811909913449E-3	3.3964837824547603E-3	3.6096829809205344E-3	3.7297606904012587E-3	3.8498383998819821E-3	3.9674655438630994E-3	4.072839860346184E-3	4.1733130458300547E-3	4.2786873623131393E-3	4.3914133752950418E-3	4.5310956087726197E-3	4.7246902832415415E-3	4.8643725167191185E-3	4.9599445712037752E-3	5.1167807631785989E-3	5.2295067761605031E-3	5.3422327891424074E-3	5.4598599331235247E-3	5.6044432976003139E-3	5.7906862755704169E-3	5.9377202055468136E-3	6.0626990460267488E-3	6.148468838512982E-3	6.2048318450039323E-3	6.2415903274980322E-3	6.263645416994491E-3	6.31510729248623E-3	6.3543163404799364E-3	6.4278333054681343E-3	6.4670423534618398E-3	6.5111525324547601E-3	6.538108752950432E-3	6.5822189319433523E-3	6.6165268489378438E-3	6.6483842004327288E-3	6.6777909864280081E-3	6.7047472069236809E-3	6.7366045584185677E-3	6.7660113444138461E-3	6.8101215234067647E-3	6.8444294404012588E-3	6.8517811369000776E-3	6.9400014948859147E-3	6.9767599773800154E-3	7.0282218528717544E-3	7.0625297698662468E-3	7.0796837283634935E-3	7.0968376868607401E-3	7.1213433418568046E-3	7.1973108723446099E-3	7.2291682238394949E-3	7.2610255753343808E-3	7.2879817958300544E-3	7.3394436713217926E-3	7.378652719315499E-3	7.4154112018095988E-3	7.4644225118017295E-3	7.4791259047993705E-3	7.5085326907946498E-3	7.5379394767899283E-3	7.5526428697875675E-3	7.5575440007867815E-3	7.5673462627852076E-3	BSGmax	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	3.8228821793863095E-4	9.7042393784421699E-4	1.4629876032651453E-3	1.9114410896931549E-3	2.2618719561368992E-3	2.4432138031077891E-3	2.6245556500786782E-3	2.8156997590479934E-3	3.0362506540125879E-3	3.310713989968528E-3	3.5141109264358776E-3	3.7273101249016517E-3	3.8449372688827694E-3	3.9625644128638863E-3	4.0752904258457906E-3	4.1831153078284817E-3	4.2811379278127459E-3	4.3865122442958296E-3	4.5237439122737984E-3	4.6707778422501968E-3	4.8643725167191185E-3	5.0089558811959086E-3	5.1069785011801719E-3	5.307924872147915E-3	5.4843655881195909E-3	5.6608063040912661E-3	5.847049282061369E-3	6.05534734952793E-3	6.3494152094807242E-3	6.557713276947286E-3	6.7341539929189594E-3	6.8591328333988989E-3	6.9400014948859147E-3	6.9963645013768677E-3	7.0306724183713592E-3	7.1066399488591645E-3	7.1654535208497232E-3	7.2781795338316274E-3	7.3369931058221861E-3	7.4056089398111726E-3	7.4448179878048772E-3	7.5134338217938638E-3	7.559994566286388E-3	7.6065553107789131E-3	7.6506654897718317E-3	7.689874537765538E-3	7.736435282258064E-3	7.7805454612509825E-3	7.851611860739573E-3	7.9030737362313138E-3	7.917777129228953E-3	8.0059974872147902E-3	8.04275596970889E-3	8.094217845200629E-3	8.1285257621951223E-3	8.1530314171911877E-3	8.1775370721872548E-3	8.2020427271833184E-3	8.2780102576711246E-3	8.3098676091660096E-3	8.3417249606608946E-3	8.3686811811565683E-3	8.4201430566483073E-3	8.4593521046420136E-3	8.4961105871361135E-3	8.5451218971282442E-3	8.5598252901258852E-3	8.5892320761211637E-3	8.6186388621164421E-3	8.6333422551140813E-3	8.6382433861132962E-3	8.6480456481117223E-3	BSGmin	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	2.1074863296616838E-4	7.0086173288749017E-4	1.2767446252950432E-3	1.6516811467348544E-3	2.0021120131785992E-3	2.1834538601494882E-3	2.3696968381195904E-3	2.5559398160896925E-3	2.776490711054287E-3	3.0264483920141617E-3	3.278856638473643E-3	3.4920558369394171E-3	3.6145841119197479E-3	3.7371123869000783E-3	3.8596406618804087E-3	3.9625644128638863E-3	4.0654881638473635E-3	4.170862480330449E-3	4.2590828383162853E-3	4.3914133752950427E-3	4.5850080497639644E-3	4.7197891522423284E-3	4.8129106412273786E-3	4.9256366542092828E-3	4.9746479642014153E-3	5.0236592741935487E-3	5.0726705841856803E-3	5.1535392456726978E-3	5.2319573416601097E-3	5.3177271341463411E-3	5.3912440991345381E-3	5.437804843627065E-3	5.46966219512195E-3	5.4868161536191966E-3	5.4966184156176228E-3	5.5235746361132956E-3	5.5431791601101496E-3	5.5774870771046411E-3	5.5970916011014935E-3	5.6166961250983475E-3	5.6313995180959867E-3	5.6510040420928408E-3	5.6730591315892996E-3	5.6902130900865445E-3	5.7049164830841846E-3	5.7196198760818238E-3	5.7367738345790713E-3	5.7514772275767097E-3	5.7686311860739563E-3	5.7857851445712039E-3	5.7857851445712021E-3	5.8740055025570401E-3	5.9107639850511408E-3	5.962225860542879E-3	5.9965337775373722E-3	6.0063360395357993E-3	6.0161383015342254E-3	6.0406439565302899E-3	6.1166114870180961E-3	6.1484688385129802E-3	6.1803261900078661E-3	6.2072824105035397E-3	6.2587442859952779E-3	6.2979533339889843E-3	6.3347118164830841E-3	6.3837231264752149E-3	6.3984265194728558E-3	6.4278333054681351E-3	6.4572400914634136E-3	6.4719434844610528E-3	6.4768446154602668E-3	6.4866468774586938E-3	BSG+WN	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	3.8824500559591691E-4	1.0981787301141649E-3	1.6860925957308392E-3	2.1575329596687383E-3	2.5790561086014479E-3	3.0005792575341582E-3	3.4331951209124654E-3	4.1209434165395183E-3	4.5202811365810331E-3	4.731042711047388E-3	4.9418042855137422E-3	5.1969367177624884E-3	5.4798009361252259E-3	5.823675083938753E-3	6.0954465878558968E-3	6.3117545195450495E-3	6.5336088084570016E-3	6.7166385968093619E-3	6.9717710290581082E-3	7.2047180324156584E-3	7.4376650357732095E-3	7.6096021096799709E-3	7.7427146830271439E-3	7.9257444713795033E-3	8.0699497591722735E-3	8.2418868330790367E-3	8.3583603347578122E-3	8.4859265508821849E-3	8.5857609808925647E-3	8.7299662686853314E-3	8.8464397703641069E-3	8.9629132720428824E-3	9.029469558716469E-3	9.129303988726847E-3	9.1792212037320343E-3	9.2180457042916279E-3	9.2679629192968169E-3	9.3289728487476031E-3	9.389982778198391E-3	9.5009099226543662E-3	9.5563734948823555E-3	9.5730125665507513E-3	9.650661567669935E-3	9.7116714971207229E-3	9.7726814265715108E-3	9.8170522843538978E-3	9.8558767849134914E-3	9.883608571027486E-3	9.9168867143642776E-3	9.944618500478274E-3	9.9889893582606644E-3	1.0027813858820255E-2	1.0066638359379848E-2	1.0094370145493841E-2	1.0122101931607832E-2	1.0172019146613023E-2	1.0221936361618214E-2	1.0266307219400604E-2	1.0282946291069E-2	1.0294039005514599E-2	1.0355048934965383E-2	1.0355048934965383E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	1.0366141649410982E-2	BSG+Wnmax	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	7.7649001119183382E-4	1.6749998812852413E-3	2.2074501746739278E-3	2.706622324725821E-3	3.1170527592129329E-3	3.5163904792544481E-3	3.92682091374156E-3	4.7587744971613818E-3	5.1470195027572994E-3	5.3355956483324592E-3	5.5408108655760138E-3	5.8014896550475595E-3	6.0899002306330947E-3	6.4337743784466227E-3	6.7110922395865651E-3	6.9440392429441136E-3	7.1437081029648714E-3	7.3211915340944331E-3	7.6317875385711678E-3	7.9201981141567047E-3	8.2086086897422451E-3	8.3805457636490065E-3	8.4970192653277821E-3	8.6911417681257395E-3	8.8464397703641069E-3	9.0183768442708701E-3	9.1459430603952428E-3	9.2624165620740183E-3	9.3622509920843981E-3	9.5120026370999651E-3	9.6173834243331417E-3	9.7394032832347158E-3	9.8115059271311009E-3	9.883608571027486E-3	9.9557112149238677E-3	9.9668039293694683E-3	1.0016721144374657E-2	1.0072184716602643E-2	1.0127648288830633E-2	1.0227482718841011E-2	1.0294039005514597E-2	1.0305131719960194E-2	1.0382780721079378E-2	1.0443790650530166E-2	1.0504800579980954E-2	1.0549171437763341E-2	1.0582449581100136E-2	1.061018136721413E-2	1.0643459510550922E-2	1.0671191296664918E-2	1.0715562154447309E-2	1.07488402977841E-2	1.0793211155566492E-2	1.0820942941680485E-2	1.0832035656126081E-2	1.0909684657245265E-2	1.0959601872250455E-2	1.098733365836445E-2	1.1020611801701241E-2	1.1042797230592439E-2	1.1098260802820425E-2	1.1098260802820425E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	1.1109353517266024E-2	BSG+WNmin	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	0	5.2135757894308842E-4	1.1647350167877505E-3	1.6084435946116557E-3	2.0410594579899628E-3	2.4847680358138684E-3	2.9395693280833708E-3	3.4831123359176548E-3	3.8935427704047667E-3	4.1264897737623169E-3	4.3427977054514705E-3	4.5923837804774173E-3	4.8697016416173571E-3	5.2135757894308833E-3	5.4798009361252285E-3	5.6794697961459854E-3	5.9235095139491319E-3	6.1120856595242908E-3	6.3117545195450486E-3	6.4892379506746112E-3	6.6667213818041738E-3	6.8386584557109361E-3	6.9884101007265057E-3	7.1603471746332671E-3	7.2934597479804393E-3	7.4653968218872033E-3	7.5707776091203808E-3	7.7094365396903515E-3	7.8092709697007313E-3	7.9479299002706977E-3	8.0754961163950721E-3	8.1864232608510491E-3	8.247433190301837E-3	8.374999406426208E-3	8.4027311925402009E-3	8.4692874792137874E-3	8.5192046942189764E-3	8.5857609808925629E-3	8.6523172675661494E-3	8.7743371264677218E-3	8.818707984250114E-3	8.8408934131413083E-3	8.918542414260492E-3	8.9795523437112799E-3	9.0405622731620679E-3	9.0849331309444548E-3	9.129303988726847E-3	9.1570357748408417E-3	9.1903139181776332E-3	9.2180457042916296E-3	9.26241656207402E-3	9.3067874198564087E-3	9.3400655631932037E-3	9.3677973493071966E-3	9.4121682070895836E-3	9.4343536359807814E-3	9.4842708509859722E-3	9.5452807804367584E-3	9.5452807804367584E-3	9.5452807804367584E-3	9.6118370671103414E-3	9.6118370671103414E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	9.6229297815559403E-3	WN	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	8.9291860309552559E-4	1.3561201284513292E-3	1.7858372061910512E-3	2.1764890950453438E-3	2.466687641051389E-3	2.7792091521348229E-3	3.0694076981408682E-3	3.2368299362212798E-3	3.5437707060353668E-3	3.7670003568092483E-3	3.9623263012363939E-3	4.2357826234344E-3	4.40320486151481E-3	4.5427233932484861E-3	4.6766611837128144E-3	4.8050182329077967E-3	4.8887293519480008E-3	5.00592491860429E-3	5.1510241916073131E-3	5.2068316043007825E-3	5.2570582757249058E-3	5.2961234646103353E-3	5.3240271709570708E-3	5.3463501360344586E-3	5.385415324919888E-3	5.4300612550746636E-3	5.4579649614214E-3	5.4858686677681347E-3	5.5137723741148703E-3	5.5528375630002989E-3	5.5807412693470353E-3	5.5919027518857292E-3	5.6477101645791995E-3	5.6811946121952811E-3	5.7146790598113636E-3	5.7425827661580983E-3	5.7537442486967922E-3	5.7649057312354869E-3	5.7760672137741808E-3	5.7872286963128756E-3	5.7928094375822225E-3	5.7928094375822225E-3	5.7983901788515695E-3	5.826293885198305E-3	5.837455367736998E-3	5.8541975915450389E-3	5.8709398153530806E-3	5.8709398153530806E-3	5.8821012978917744E-3	5.8876820391611205E-3	5.8988435216998144E-3	5.8988435216998144E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	5.921166486777203E-3	WNmax	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	8.9291860309552559E-4	1.3672816109900233E-3	1.7858372061910512E-3	2.2136940368409908E-3	2.503892582847036E-3	2.8164140939304699E-3	3.1066126399365152E-3	3.259152901298668E-3	3.5623731769331901E-3	3.785602827707072E-3	4.0069722313911703E-3	4.3064720128461291E-3	4.5110991927221865E-3	4.6692201953536855E-3	4.8254809508954024E-3	5.0170864011429839E-3	5.1566049328766583E-3	5.3221669238672888E-3	5.5044711386659584E-3	5.5974834931550744E-3	5.6811946121952802E-3	5.7463032603376624E-3	5.7928094375822217E-3	5.8300143793778682E-3	5.8951230275202503E-3	5.9695329111115435E-3	6.0160390883561036E-3	6.062545265600662E-3	6.1090514428452205E-3	6.1741600909876017E-3	6.2206662682321619E-3	6.2392687391299856E-3	6.3322810936191024E-3	6.3880885063125718E-3	6.443895919006043E-3	6.4904020962506005E-3	6.5090045671484242E-3	6.527607038046248E-3	6.5462095089440717E-3	6.5648119798418954E-3	6.5741132152908072E-3	6.5741132152908072E-3	6.5834144507397191E-3	6.6299206279842784E-3	6.6485230988821004E-3	6.6764268052288351E-3	6.7043305115755715E-3	6.7043305115755715E-3	6.7229329824733943E-3	6.7322342179223053E-3	6.7508366888201282E-3	6.7508366888201282E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	6.7880416306157756E-3	WNmin	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	8.9291860309552559E-4	1.3449586459126351E-3	1.7858372061910512E-3	2.1392841532496968E-3	2.429482699255742E-3	2.7420042103391759E-3	3.0322027563452212E-3	3.2145069711438917E-3	3.5251682351375435E-3	3.7483978859114246E-3	3.9176803710816175E-3	4.165093234022671E-3	4.2953105303074335E-3	4.4162265911432868E-3	4.5278414165302264E-3	4.5929500646726094E-3	4.6208537710193433E-3	4.6896829133412912E-3	4.7975772445486677E-3	4.8161797154464905E-3	4.8329219392545314E-3	4.8459436688830081E-3	4.85524490433192E-3	4.862685892691049E-3	4.8757076223195257E-3	4.8905895990377837E-3	4.8998908344866964E-3	4.9091920699356074E-3	4.9184933053845201E-3	4.931515035012996E-3	4.9408162704619087E-3	4.9445367646414728E-3	4.9631392355392965E-3	4.9743007180779904E-3	4.9854622006166843E-3	4.9947634360655961E-3	4.9984839302451602E-3	5.0022044244247259E-3	5.00592491860429E-3	5.0096454127838558E-3	5.0115056598736378E-3	5.0115056598736378E-3	5.0133659069634198E-3	5.0226671424123317E-3	5.0263876365918957E-3	5.0319683778612427E-3	5.0375491191305896E-3	5.0375491191305896E-3	5.0412696133101545E-3	5.0431298603999357E-3	5.0468503545795006E-3	5.0468503545795006E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	5.0542913429386304E-3	KR	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	3.3463749165743524E-4	7.6842683269485134E-4	1.3096306772272463E-3	2.1235021075545891E-3	2.4622709262695232E-3	2.763857801466965E-3	3.1150206013543964E-3	3.6107798482543012E-3	4.0197812269467219E-3	4.2635295233391752E-3	4.4700958762141337E-3	4.6518742667440985E-3	4.8501779655040602E-3	5.1063202430690112E-3	5.3955131370939545E-3	5.8582217675338657E-3	6.0813134286388211E-3	6.3044050897437783E-3	6.5192340967337378E-3	6.7795077013561881E-3	7.110013865956122E-3	7.345499508233576E-3	7.8949660068809695E-3	8.2296034985384053E-3	8.564240990195841E-3	8.8864845006807781E-3	8.9443230794857675E-3	9.0021616582907551E-3	9.0682628912107429E-3	9.1137074888432337E-3	9.1261014700157305E-3	9.1343641241307307E-3	9.2169906652807155E-3	9.2583039358557061E-3	9.2789605711432015E-3	9.2954858793732002E-3	9.2954858793732002E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	9.3409304770056909E-3	WNFmax	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	3.9660739751992322E-4	9.1302327970732328E-4	1.4666211054122158E-3	2.2915094078928902E-3	2.5875878470136655E-3	2.8354674704636177E-3	3.2417146311177051E-3	3.7567534042859396E-3	4.2456271060900119E-3	4.5554766354024522E-3	4.8308984392357304E-3	5.0732696266090165E-3	5.3252805771164683E-3	5.6378843244672414E-3	5.9862929063163404E-3	6.5027087885037409E-3	6.7643595021453558E-3	7.0232559977486389E-3	7.2738898392369251E-3	7.6071502218751945E-3	7.9858552021459528E-3	8.2626541149983974E-3	8.8121206136457918E-3	9.1467581053032276E-3	9.4813955969606633E-3	9.8036391074456004E-3	9.8807572125189196E-3	9.9578753175922369E-3	1.0046010294818887E-2	1.0106603091662208E-2	1.0123128399892205E-2	1.0134145272045538E-2	1.0244313993578849E-2	1.0299398354345504E-2	1.0326940534728832E-2	1.0348974279035496E-2	1.0348974279035496E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	1.0409567075878817E-2	WNFmin	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	2.7266758579494726E-4	6.2383038568237939E-4	1.1526402490422767E-3	1.9554948072162881E-3	2.336954005525381E-3	2.6922481324703124E-3	2.9883265715910877E-3	3.4648062922226627E-3	3.7939353478034323E-3	3.9715824112758983E-3	4.109293313192537E-3	4.2304789068791804E-3	4.3750753538916521E-3	4.5747561616707811E-3	4.8047333678715685E-3	5.2137347465639906E-3	5.3982673551322864E-3	5.5855541817389177E-3	5.7645783542305505E-3	5.9518651808371818E-3	6.2341725297662912E-3	6.4283449014687537E-3	6.9778114001161472E-3	7.312448891773583E-3	7.6470863834310187E-3	7.9693298939159558E-3	8.0078889464526154E-3	8.0464479989892732E-3	8.0905154876025984E-3	8.1208118860242595E-3	8.1290745401392563E-3	8.1345829762159236E-3	8.1896673369825819E-3	8.2172095173659084E-3	8.2309806075575708E-3	8.2419974797109039E-3	8.2419974797109039E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	8.2722938781325649E-3	Days
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