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Abstract. This paper proposed a straw logistics radius optimization model on the base of analyzing 
the cost and profit of the biogas and manure co-generation, to obtain the maximized per-unit scale 
profit. Through mathematical differential method, the relationship between the optimal straw 
logistics radius and the factors is obtained. Combining with the data from Dengzhou, the influences 
of the straw logistics radius on the per-unit straw total cost and per-unit scale profit, and the 
influences of factors on the optimal straw logistics radius is analyzed. The analytical result shows 
that with the increase of scale factor, the optimal straw logistics radius increases first and then starts 
to drop. And it increases with the decrease in straw spatial distribute density, tortuosity factor, 
transportation rate and payback period, while the straw conversion rate increases. When the 
production scale is small, the fixed investment cost plays a leading role in the total cost. 
Furthermore, the larger scale of production, the higher transportation rate will has a greatest 
influence on the optimal straw logistics radius. 

Introduction 
Renewable energy is an effective way to solve the energy shortage and environmental pollution. 

The straw biogas and manure co-generation has been a broad consensus in the field of scientific 
research and engineering application [1] [2]. However, the production of biogas and manure is 
constantly limited by the high price of straw logistics [3]. It is generally believed that the profit and 
loss of project is largely determined by the straw logistics radius. On the macro level, the straw 
logistics radius determined should be based on the production plant and reasonable layout. Micro 
level, it is closely related to the factors such as the distribution of straw, straw spatial distribute 
density, crop species, conversion technology, roads condition of collection area, and so on. So, it is 
an important work for biogas manure production layout to determine the reasonable straw logistics 
radius. 

Primary work mainly focused on minimum straw collection cost and optimal plant size. Hu 
Yanxia [4] researched biomass reasonable collection radius with the sum of the collection cost of 
per unit mass of wood residues and the production costs of the biomass gas less than the sum of 
coal price and state subsidies. D’Ovidio [5] studied the collection radius with biomass corporate 
obtained maximum profit index. Gan [6] proposed the optimal straw collection radius based on the 
demand amount of biomass plant is equal to straw yield of the collection area. Diep [7] researched 
straw collection radius through minimize the straw collection costs. Preceding researches have been 
done to estimate straw collection costs as well as optimized plant size and straw logistics radius 
without considering conversion, and failed to propose targeted analytical methods with biomass 
production process characteristics. The radius optimization without energy conversion do not 
represent overall optima, but only suboptimal at best. 

The paper built an analytical framework for determining the optimal straw logistics radius. The 
method minimizes biogas and manure co-generation costs. The work is expected to provide useful 
information to assist managers of the biogas and manure co-generation, and facilitate development 
of the engineering in China. 
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Estimation of the costs and incomes for the biogas and manure co-generation 
The straw recoverable quantity for biogas and manure co-generation is estimated from collection 

amount, which remove the amount of other utilization types. Estimating straw quantity correctly is 
the premise and foundation of straw utilization. The available density of straw M was calculated 
using the following equation [8]: 

1 2 3M v v vρ λ= ⋅ ⋅ ⋅ ⋅                                                             (1) 
Where ‘ρ’ is the crop production (t·km-2year-1); ‘λ’ is grass valley ratio; ‘v1’is the proportion of 

the land where biomass is grown in the collection area; ‘v2’is the available collection coefficient; 
and ‘v3’ is the available coefficient of straw. 

The equation of the straw available quantity of the collection Q was given by the following: 
2Q M Rπ= ⋅                                                                  (2) 

Where ‘R’ is the radius of the collection area and optimal straw logistics radius, km. 
Whether artificial collection or mechanical collection, collection cost is proportional to the straw 

collection amount [9]. The collection cost Cp, can be expressed as the following: 
0PC Q F= ×                                                                   (3) 

Where ‘F0’ is the unit price of straw, yuan t-1. 
Transportation cost depends on road transportation cost and treatment cost. Road transportation 

cost is proportional to the collection amount, transportation fee rate, including fuel cost, 
transportation vehicle depreciation cost, artificial cost, maintenance cost, and transportation 
distance [10]. Treatment cost A is proportional to the collection amount. Straw transportation cost 
has nothing to do with a single volume. So, the transportation cost Ct was given by the following 
[11]: 

( )tC Q d Aµ= ⋅ ⋅ +                                                             (4) 
Where ‘μ’ is transportation rate, yuan t-1·km-1; ‘d’ is average transportation distance, km; ‘A’ is 

treatment cost yuan t-1. However, in the real world transportation distance is not a straight line and 
dictated by the tortuosity. Therefore average transportation distance can be given by [12]: 

2

3
d Rτ=                                                                    (5) 

Straw collection with strong seasonality, to ensure a steady supply of straw resources, here we 
introduced safety inventory. So, the straw safety proportion can be expressed as: 

/b Bε =                                                                     (6) 
The storage cost relevant to unit straw storage cost Fs. The straw consumption for biogas and 

manure production is uniform and continuous, therefore the storage cost Cs, was calculated using 
the following equation [10]: 

[ ( )]1
1

2
s SC Q Q Fε ε= ⋅ + ⋅ − ⋅                                                     (7) 

Biogas and manure production cost includes the fixed investment cost and the conversion cost. 
The fixed investment cost refers to the money to purchase fixed assets, such as land, buildings, 
equipment costs and other construction investment costs. The fixed investment cost has an 
exponential relationship with conversion plant size [13]. The paper assumed a payback period T of 
15 years for a base case. The predicted equation of fixed cost Cf was as follows: 

e

f
XC a
T

= ⋅                                                                  (8) 

Where ‘X’ is the production scale, and X=Q∙k1, ‘k1’ is the conversion rate (m3 t-1); ‘e’ is the 
conversion scale factor, which usually takes value between 0.6 and 0.9; ‘a’  is engineering scale 
coefficient. 

Straw convert into biogas and manure including straw fermentation, biogas purification and 
manure treatment. Conversion cost involves artificial cost, equipment operations and maintenance 
costs, and biogas and manure treatment cost. The conversion cost has an exponential relationship 
with conversion plant size [14]. So, the conversion cost Cc was given by the following: 
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 
= × 

 
                                                             (9) 

Where ‘C0’ is the conversion cost from straw at a base scale X0 of the conversion plant. 
Purified residue fluid and sludge are new type of green manures with comprehensive nutrition 

and abundant organic matter, which has the good economic value. Supplying manure for 
surrounding farmland to realize the step utilization of energy. The income can be determined by 

1 1 2 2I Q k p Q k p= ⋅ ⋅ + ⋅ ⋅                                                        (10) 
Where ‘p1’ is the price of biogas; ‘k1’ is the straw-manure conversion rate; and ‘p2’ is the price 

of manure. 

Development of the straw optimal logistics optimization model 
Optimal logistics radius is the radius of the straw collection area when the unit production scale 

benefit achieves optimum. The ultimate goal of corporate decision-makers is to reduce the total cost 
of biogas and manure co-generation, improve the efficiency in the use of equipment and facilities 
and pursue maximized profit. The income increases with the expansion of production scale, but the 
total cost will be increased. The unit total cost Cu can be expressed as the following: 

p t s f c
u

C C C C C
C

X
+ + + +

=                                                     (11) 
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⋅ + ⋅ + + ⋅ + ⋅ + ⋅ + ⋅ 
 =                      (12) 

Simply pursuit profit maximization doesn’t reflect the economics of different production scale 
for the biogas and manure co-generation. Collection and utilization of straw is interlinked, 
individually optimize the part of the cost is only suboptimal best. With the goal of obtaining unit 
scale profit maximum, to ensure that the material and equipment have been used at the greatest 
extent in biogas and manure co-generation, the solved straw optimal logistics radius is more 
reasonable. Unit production scale profit equation Y was given by the following: 

( )p t s f cI C C C C C
Y

X
− + + + +

=                                                 (13) 

( ) [ ( ) ( ) ]1 1 2 2 0 0

0
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 

⋅ + − ⋅ + ⋅ + + ⋅ + + ⋅ + ⋅ 
 =          (14) 

The straw logistics radius optimization problem can be mathematically described that when the 
unit production scale profit of the biogas and manure engineering for the first derivative of the straw 
logistics radius equal to zero, to obtain the maximum unit scale profit, then the radius is the optimal 
straw logistics radius. Hence, Y derivative of the R obtained the following: 

/ / ( / / ) ( ) ( ) 1 2 3
1 0 0 12 3 2 1 0e e edY dR k C X a T e Mk Rτµ π − −= + + ⋅ − ⋅ ⋅ =                      (15) 

[ /( )]{[ ( ) ( / / )] / [ ( ) ]}1 1 3 2
1 0 03 1 e e e eR e k C X a T Mτµ π − −= − +   （ 1＜＜0 e ）                   (16) 

Results and discussion 
To study the factors of the optimal straw logistics radius on the optimal straw logistics radius and 

predict the changes in the optimal radius of the collection area in the future, the paper analyzed 
wheat straw collection and conversion for biogas and manure co-generation from China Dengzhou. 
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Table.1-The values of coefficients used in the biogas manure co-generation [15] [16] [17] 
Parameters Unit/Symbol Value Source 

Cultivated land rate 
1v  0.72 literature 

Straw collection 
efficiency 2

v  0.8 literature 

Available coefficient 3v  0.7 Field investigation 
Grassy alley 
proportion λ  1.1 literature 

Harvest price F0/（yuan t-1） 70 Field investigation 

Transportation rate 
µ /（yuan t-1 

km-1） 
4 Field investigation 

Other cost A/（yuan t-1） 10 Field investigation 
The unit storage cost Fs/（yuan t-1） 70 Field investigation 

Scale factor e 0.75 literature 
Engineering factor a 25.4 literature 

straw safety 
proportion 

ε  0.1 Field investigation 

Biogas conversion 
rate k1/（m3 t-1） 260 Field investigation 

Manure k2 4.5 Field investigation 
Biogas price P1/（yuan m-3） 1.5 Field investigation 
Manure price P2/（yuan t-1） 3 Field investigation 

Base scale X0/（m3 a-1） 15000 Field investigation 
Base dealing costs C0/yuan 50000 Field investigation 

According to equation (16), for 0.5<e<1, the optimal straw logistics radius increase with the 
scale factor increase, and the increased rate gradually slow. When the scale factor reach around 0.88, 
the optimal straw logistics radius reaches the maximum, then decreases rapidly. This indicates 
production scale increase while the straw logistics and the fixed investment cost increase, leading 
profits to drop. 

The optimal straw logistics radius decreases dramatically with an increase in transportation rate 
and straw spatial density. It decreases at an increasing rate with the conversion rate, straw spatial 
density and payback period. But the optimal logistics radius increases with increasing conversion 
rate at an increasing rate, and decreases with increasing tortuosity factor at a decreasing rate in 
different scale factors. The transportation rate is the most sensitive factor to the optimal straw 
logistics radius, the payback period is the least all of the factors. 
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Fig 1 Optimal straw logistics radius for biogas manure co-generation vs. various factor 

To explore the effect of changes in the unit total cost and unit profit, using equation (12), (14), 
and the data from Table 1 map Fig 2. At first, the unit production cost is high and unit profit is low, 
this is because the unit straw total cost is composed of the variable cost and the fixed cost, the 
impact of fixed cost is much greater than the variable cost. So, the fixed investment cost plays a 
dominant role in the unit production cost. With the expanding of the production scale, the unit cost 
increases and the unit profit decreases severely, due to the fixed cost and variable cost of the unit 
mass straw decline and sales revenue increase. As the radius of logistics continues to expand, the 
unit cost increases and unit profit decreases mildly, for the unit cost reduce progressively caused by 
scale. The fixed cost increases due to the economy of scale, whereas the cost of the straw collection 
increases due to the increasing transportation distance. 

It is obviously that the unit total cost and unit profit increase with the production scale increases. 
The unit cost curve for biogas and manure co-generation above 286 Yuan per ton is relatively flat 
across a wide range. By equation (16), we can get the optimal logistics radius of 14.8 km when the 
maximum profits. 
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Fig.2. Straw logistics radius impacts on the unit cost and profit 

Conclusions 
Based on the analysis of the costs and incomes of biogas manure co-generation, the paper 

established straw logistics radius optimization model, and analyzed the influences of radius on the 
unit cost and profit, and research on the factors of the optimal straw logistics radius affect the 
optimal straw logistics. The theoretical simulation results can provide useful information to the 
managers to make decision in biogas manure co-generation development and deployment. The 
analytical results indicate: 

(1) The paper proposed the concept of unit production scale profit maximization, and established 
straw logistics radius optimization model with the aim to obtain the mix unit scale profit. 

(2) The optimal straw logistics radius increases with scale factor first and then decreases 
dramatically. The optimal straw logistics radius increases with a decrease in straw spatial density, 
tortuosity factor, transportation rate and payback period, or an increase in conversion rate, and with 
the increase of scale factor. 

(3) The fixed investment cost plays a leading role in the total cost when the production scale is 
small. And when the scale of production becomes large, the transportation rate has a greatest 
influence on the optimal logistics radius. 

Our method and main analytical results can be applied to multiple straw sources from other 
regions and used to determine the optimal straw logistics of new biogas and manure co-generation 
plants or resize optimal logistics radius of existing plant based on factors changing. Future works 
can research the aspects of collection area which is not limited by the area’s border. 

Acknowledgement 
This paper was supported by Henan province science and technology research project, China 

(Grant No. 16210211012). 

References 

[1]Li Wei,Wu Shubiao, Hamidou Bah, et al. Analysis and Development Prospect of Biogas 
Engineering Technology[J].Transactions of the Chinese Society for Agricultural 
Machinery,2015,46(7):187-196. 

[2]Dang Peng, Bi Yuyun, Liu Yanping, et al. Analysis of the Large-and-medium-sized Biogas 
Projects in Europe and Comparisons with Our Country [J]. China Biogas, 2014, 32(1):79-83, 89. 

[3]Tan Qinliang, Yang Haiping, Zhang Xingping, Deng Yanming, Wei Yongmei. Measurement 
model and empirical analysis of fuel collection cost for biomass power generation [J]. Forum on 

Advances in Engineering Research, volume 104

680



Science and Technology in China, 2014, (5):117-123. 

[4]Hu Yanxia, Li Hong, Zhou Liandi, et al. Resources analysis of biomass stations in the north of 
Miyun Reservoir and measurement of the collecting radium [J]. Chinese agricultural science 
bulletin, 2010, 26(16):416-419. 

[5]D’Ovidio A, Pagano M. Probabilistic multicriteria analyses for optimal biomass power plant 
design [J]. Electric Power Systems Research, 2009, 79(4): 645-652. 

[6]Gan J, Smith C T. Optimal plant size and feedstock supply radius: a modeling approach to 
minimize bioenergy production costs [J]. Biomass and Bioenergy, 2011, 35(8): 3350-3359. 

[7]Diep N Q, Fujimoto S, Minowa T, et al. Estimation of the potential of rice straw for ethanol 
production and the optimum facility size for different regions in Vietnam[J]. Applied Energy, 2012, 
93: 205-211. 

[8]Peng Chunyan, Luo Hualiang, Kong Jing. Advance in estimation and utilization of crop residues 
in China [J].Chinese Journal of Agricultural Resources and Regional Planning, 2014, (3):14-20. 

[9]Zhai Mingling, Zhang Xu, Cheng Fei, et al. Analyses of farmers’ straw-disposal condition and 
biomass supply cost for power [J]. Journal of Tongji University (Natural Science), 2016, 
44(3):440-445. 

[10]Liu Gang, Xing Aihua, Wang Yao, et al. Analysis of the optimum production scale for biomass 
utilization [J]. Journal of Tsinghua University (Science and Technology), 2008, 48(9):1494-1498. 

[11]Jenkins T L, Sutherland J W. A cost model for forest-based biofuel production and its 
application to optimal facility size determination [J]. Forest Policy and Economics, 2014, 38: 32-39. 

[12]Stephen J D, Sokhansanj S, Bi X, et al. The impact of agricultural residue yield range on the 
delivered cost to a biorefinery in the Peace River region of Alberta, Canada [J]. Biosystems 
engineering, 2010, 105(3): 298-305. 

[13]Gallagher P W, Brubaker H, Shapouri H. Plant size: capital cost relationships in the dry mill 
ethanol industry [J]. Biomass and Bioenergy, 2005, 28(6): 565-571. 

[14]Jenkins B M. A comment on the optimal sizing of a biomass utilization facility under constant 
and variable cost scaling [J]. Biomass and Bioenergy, 1997, 13(1): 1-9. 

[15]Henan Province Bureau of Statistics, Henan Survey Organization National Bureau of Statistics 
Information Network. Henan statistical yearbook [M].Beijing: China Statistics Press, 2015, 9. 

[16]Ma Fang, Zhang Xiaoxian, Wang Li. Economic and environmental evaluation of straw 
transportation radius for straw-energy engineering [J].Journal of Harbin institute of technology, 
2015, 08:48-53. 

[17]Xu Yayun, Tian Yishui, Zhao Lixin, et al. Cooperation on cost and energy consumption with 
different straw’s collection-store-transportation modes [J]. Transactions of the Chinese society of 
agricultural engineering, 2014, (20):259-267. 

Advances in Engineering Research, volume 104

681




