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Abstract: The problem discussed in this article can generally be expressed as follows. We 

have a set of energy crops that should be converted into biodiesel, which include crops such as 

sunflower, rapeseed and more. We envisage a ten-year planning horizon that includes 

government regulations, manufacturing, construction and carbon tax. For the purposes of the 

study, we rely on the superstructure of an integrated biofuel supply chain, including a range of 

collection points and a range of search areas, as well as potential locations for individual 

facilities and biorefineries. 
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INTRODUCTION 

The problem addressed in this work can generally be expressed as follows. We have at our 
disposal a set of energy crops that should be converted into biodiesel. A ten-year planning 
horizon is envisaged, including government regulations, manufacturing, construction and carbon 
tax. 

The aim is to determine the number, location and scale of biodiesel refineries as well as 
bioresources to be transported between the different nodes of the designed network so that the 
total net present value is kept to a minimum while respecting demand constraints of products. 
This means that biodiesel refineries will operate in the upcoming time interval, while there will 

be an opportunity for upgrades related to increasing production capacity. 
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EXPOSITION 

Biofuels supply chain consists of a network of raw material producers (biomass), 
biorefineries, storage facilities, mixing plants and end users. The main elements of the biofuels 
supply chain are: (1) farms, (2) storage facilities, (3) bio-refineries, (4) blending facilities, (5) 

retail outlets, and (6) transportation. In general, biomass raw materials are transported by truck 
from neighboring farms to biofuel refineries organized by farmers' cooperatives. Cooperatives 
act as a link between producers and buyers. To this end, storage facilities between farms and bio-
refineries are required. It is also necessary to take into account pre-treatment prior to storage in 

order to improve the quality of storage and adaptability for further processing (Iddrisu & Jun, 
2012). 

The objective is to determine the number, location, and size of the biodiesel refineries and 
bioresources to be transported between the various nodes of the designed network so that the 

overall net present value is minimized while respecting the constraints associated with product 
demands. This means that biodiesel refineries built on a stage will operate in the next time 
interval, while allowing renovations to increase capacity to manufacturing. 

We look at IBDSC for a long planning horizon H (e.g. 10 years). The whole time horizon 

H is subdivided in a set of discrete time intervals t. This time interval is divided into several 
equal time subintervals t={0,1,2,…,T}, each of which lasts t . During the planning horizon is 

assumed that diesel consumption will change with an estimate value. At the same time it is 
assumed that the annual increase in consumption of biodiesel in order to reach the requirements 
of the directives adopted by the state is also known. 

 
Fig. 1. Superstructure of integrated biodiesel- petroleum diesel supply chain 

 
MODEL FORMULATION 

This mathematical model can be used to assist decision makers in the design and planning 
of sustainable SC based on the LCA methodology. The model establishes the link with the 

emission trading scheme to achieve sustainability objectives. Although SC sustainability 
recognizes the link between the economic, ecological, and social performance, an examination of 
social performances (labour equity, healthcare, safety) shows that they are dependent on the 
context of operation of the SC, the government policies, and cultural norms. Thus, without loss 

of generality, we do not include the social performance in the mathematical formulation. 
 
MATHEMATICAL MODEL DESCRIPTION 

To start with the description of the MILP model, we first introduce the parameters, that are 

constant and known a priori, and the variables that are subject to optimization. Then we describe 
step by step the mathematical model by presenting the objective function and all the constraints. 
First of all, we introduce the set of time intervals of the horizon of planning t={0,1,2,…T}. The 
subscript t indicates the variable or parameter corresponding to the t the interval of the planning. 

Sets/indices 
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I  Set of bioresources (sunflower / rapeseed), indexed by i; 

Y  Set of for waste bioresources (waste oil and animal waste fat), indexed by y; 

LF  Set of transport modes, indexed by lf; 

P  Sets for types of capacities and technologies of biodiesel (В100) plants, indexed by 

pNp ,1 ; 

S  Sets for the typical capacity of the plants for the treatment of solid waste generated, 

indexed by 
sNs ,1 ; 

GF  Sets of regions of the territorial division, indexed by gf; 

K  Sets for proportion of biodiesel (В100) and diesel subject of mixing for each of the 
customer zones, indexed by k ; 

T  Sets of time intervals, indexed by t. 

 
Subsets/indices 

B  Sets of transport modes for biodiesel (В100) and diesel is a subset of LF ( LFB ), 
indexed by b; 

L  Set of transport modes for biomass is a subset of LF ( LFL ), indexed by l; 

LC  Set of transport modes for waste cooking oils and animal fats is a subset of 

LF ( LFLC  ), indexed by lc; 

M  Set of transport modes for solid wastes is a subset of LF ( LFM  ), indexed by m; 

E  Set of transport modes for straw is a subset of LF ( LFE  ), indexed by e; 

Z  Set of transport modes for sunflower / rapeseed for food is a subset of LF ( LFZ  ), 
indexed by z; 

F  Set of candidate regions for biodiesel (В100) plants established, which is a subset of 

GF ( GFF  ), indexed by f; 

C  Sets of biodiesel mixing and customer zones, which is a subset of GF ( GFC  ), 

indexed by c; 

D  Sets delivery and production diesel, which is a subset of GF ( GFD ), indexed by d; 

W  Sets regions for collection and processing of solid waste, which is a subset of 

GF ( GFW  ), indexed by w; 

U  Setsта of for regions for waste biomass collection and processing, which is a subset of 

GF ( GFU  ), indexed by u; 

V  Sets of regions for the sunflower / rapeseed customer zones, which is a subset of 

GF ( GFV  ), indexed by v; 

H  Sets of regions for collection of waste cooking oil and animal fat, which is a subset of 

GF ( GFH  ), indexed by h; 

 
Environmental parameters: 

ipEFBP  Emission factor for biodiesel production (В100) of biomass type Ii  through 

technology Pp , [ biofueltoneqCOkg  / 2  ]; 

ypEWCO   Emission factor for production of biodiesel (B100) from waste oil and animal fats 

type Yy  by technology Pp , [ biofueltoneqCOkg  / 2  ]; 

iESU   Emission factor for biomass waste Ii , if not used for other purposes, 

[
 

 2

wastesolidton

eqCOkg  ]; 

ftESF1  Separate emissions from solid waste utilisation, if carried out at the plant Ff  , 

[
 

 2

wastesolidton

eqCOkg  ]; 
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wstESW1   Emission factor for solid waste when utilised of at a plant Ww  by technology 

Ss , if not used for other purposes, [
 

 2

wastesolidton

eqCOkg  ]; 

dEFDP   Emission factor for oil-diesel production in the region Dd  , 

[ iezel / 2 dtoneqCOkg  ]; 

ilEFTRA   Biomass emission factor Ii , transported using transport Ll  , 

[ m / 2 ktoneqCOkg  ]; 

ylcEFTWA  Emission factor for WCO Yy , which is transported using transport LClc , 

[ m / 2 ktoneqCOkg  ]; 

yEFTWC   Emission factor for WCO Yy , leading to environmental pollution if not used for 

biodiesel production (B100), [
 

 2

WCOton

eqCOkg  ]; 

bEFTB   Emission factor for transport of biodiesel (B100) and petroleum diesel for transport 

use Bb , [ tonkmeqCOkg / 2  ]; 

mEFTRW   Emission factor for the transport of solid waste by type Mm  transport, 

[ tonkmeqCOkg / 2  ]; 

eEFTRU   Emission factor for the transport of waste biomass with type Ee  transport, 

[ tonkmeqCOkg / 2  ]; 

zEFTRV   Emission factor for the transport of sunflower / rapeseed for food of type Zz  

transport, [ tonkmeqCOkg / 2  ]; 

ECB  Emissions from (CO2), emitted during combustion of a biodiesel (B100) unit, 

[ eltonbiodieseqCOkg / 2  ]; 

ECG  Emissions from (CO2), emitted during combustion of an oil-diesel unit, 

[ tondieseleqCOkg / 2  ]. 

 
Monetary parameters: 

PO The price of oil, [ ton/$ ]; 

Glt _cos   Price of glycerol, [ ton/$ ]; 

Mlt _cos  Price of the oil cake, as animal feed, [ ton/$ ]; 

2COC  Carbon tax to emit one equivalent of CO2 when operating IBDSC, 

[ eqCOkg 2 /$ ]; 

ilIA  Fixed costs of transporting a unit of biomass Ii  via type Ll  transport, 

[ ton/$ ]; 

ilIB  Variable costs of transporting a unit of biomass Ii  via type Ll  transport, 

[ m /$ kton ]; 

cylIAW  Fixed costs of transporting a WCO Yy  unit through type LClc   transport, 

[ ton/$ ]; 

cylIBW  Variable cost of transportation of a WCO Yy  unit by type LClc   transport, 

[ ton/$ ]; 

bOA  Fixed costs for transporting a unit of biodiesel (B100) via type Bb  transport, 

[ ton/$ ]; 

bOB  Variable cost of transporting a unit of biodiesel (B100) by type Bb  transport, 

[ m /$ kton ]; 



PROCEEDINGS OF UNIVERSITY OF RUSE - 2019, volume 58, book 10.1. 

25 

bOAD  Fixed costs of transporting a unit of oil diesel through type Bb  transport, 

[ ton/$ ]; 

bOBD  Variable cost of transport per unit of oil-diesel via type Bb  transport, 

[ m /$ kton ]; 

mOAW  Fixed costs for the transport of a solid waste unit via type Mm  transport, 

[ ton/$ ]; 

mOBW  Variable costs of transporting a unit of solid waste through type Mm  transport, 

[ m /$ kton ]; 

eOAU  Fixed costs of transporting a unit of biomass waste through type Ee  transport, 

[ ton/$ ]; 

eOBU  Variable transport costs per unit of biomass waste through type Ee  transport, 

[ m /$ kton ]; 

zOAV  Fixed costs for transporting a unit of sunflower / rapeseed for food via type Zz  

transport, [ ton/$ ]; 

zOBV  Variable cost per unit of sunflower / rapeseed for food via type Zz  transport, 

[ m /$ kton ]. 

 
The production and distribution of biodiesel (B100) and petroleum diesel will be done on 

three criteria, economic, environmental and social. The optimal solution would be a compromise 
between these three criteria. 

 
Model of total environmental impact of IBDSC (Integrated biodiesel - petroleum 

diesel supply chain), TEIt [   2 eqCOkg  ]: 

Environmental assessment criteria will be understood as the overall environmental impact 

during the operation of the IBDSC by the resulting greenhouse gas emissions at each time 
interval Tt . These emissions are equal to the sum of the environmental impacts of each stage 

of the life cycle. Greenhouse gas emissions are usually determined as follows for each time 
interval Tt : 

tEWCOECARESTRAWESWETTELDELBELSTEI ttttttttt  ,
       

(1) 

ELSt, ELBt, ELDt, ETTt   Environmental impact of life cycle stages; 
ESWt         Emissions from solid waste recovery at each time interval Tt ; 

ESTRAWt       Emissions generated from the utilization of plant solid residue in the 
regions for each time interval Tt ; 

EWCOt        Emissions from WCO utilization if not used for biodiesel production. 

Model of total cost of a IBDSC tTDC , [
1 $ year ] 

The annual operational cost includes the biomass feedstock acquisition cost, the local 
distribution cost of final fuel product, the production costs of final products, and the 
transportation costs of biomass, and final products. In the production cost, we consider both the 
fixed annual operating cost, which is given as a percentage of the corresponding total capital 

investment, and the net variable cost, which is proportional to the processing amount. In the 
transportation cost, both distance-fixed cost and distance-variable cost are considered. The 
economic criterion will be the cost of living expenses to include total investment cost of 
biodiesel (B100) production facilities and operation of the IBDS. This price is expressed through 
the dependence (Ozlem A. et al., 2012) for each time interval Tt : 
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tTWCOTATLTTAXBTTCTPWTPCTIWTICTDC tttttttttt     ,
       

(2) 

tTDC
 
 IBSC total expenses for the year, [ 1 $ year ]; 

tTIC  Total investment cost for the production capacity of IBSC compared to the 

operating period and the purchase of the plant per year, [ 1 $ year ]; 

tTIW  Total investment costs for IBSC solid waste treatment plants compared to the 

operating period and purchase of the plant per year, [ 1 $ year ]; 

tTPC   Production costs for biodiesel production (B100), [ 1 $ year ]; 

tTPW   Production costs for solid waste disposal, [ 1 $ year ]; 

tTTC   Total shipping costs of IBSC, [ 1 $ year ]; 

tTTAXB   Carbon tax calculated on the total amount CO2, generated by the operation of the 

IBDSC, [ 1 $ year ];|potential customer conflicts; 

tTL  Government incentives for biodiesel production and consumption (B100), 

[ 1 $ year ]; 

tTA   Total value of by-products (glycerol, oil cake), [ 1 $ year ]; 

tTWCO   The cost of unused WCO for the production of biodiesel (B100), which is a 

penalty function. (This unused residual of WCO is considered an environmental 
pollutant that should be minimized). 

 

Model of social assessment of a IBDSC Jobt, [ yearJobsofNumber / ] Yunzile et al 

(2018) 

The IBDSC Social Assessment Model defines the expected total number of jobs created 

(
tJ ) as a result of the operation of all elements of the system during its operation: 

tNJLTNJLTNJJob tttttt     ,321                                                      (3) 

tNJ1  the number of jobs created during the installation of biodiesel (B100) facilities and solid 

waste; 

tNJ 2  the number of jobs created during the operation of biodiesel facilities (B100) and solid 

waste; 

tNJ 3  number of jobs created during biodiesel production (B100). 

 

 Economic sustainability (COST ): Minimize the total logistics cost of the supply chain 

considering fixed, variable, and emissions costs [  $ ].Yunzile et al (2018): 

 



Tt

ttTDCLTCOST      (4) 

 Environmental sustainability ( ENV  or ENVCost ): Minimize the total quantity of GHG 

emissions calculated in units of [ kg  or  $ ] of carbon dioxide equivalent 

[ eqCOkg 2 ].Yunzile et al (2018): 

 



Tt

tt TEILTENV                 (5) 
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ENVCCost COENV 2
                 (6) 

 Social sustainability ( JOB ): Maximize the social impact of the system work of the 

supply chain [ JobsofNumber ].Yunzile et al (2018): 

 



Tt

tt JobLTJOB            (7) 

In Fig. 2. and Fig. 3. the optimal configuration of the supply chain is shown in case of: (A)-
Minimum GHG emission and (B)-Minimum Annualized Total Cost. 

 

                 
 

     Fig. 2: Optimal IBSC configuration for 2020  Fig. 3: Optimal IBSC configuration for 2020 
          in case: (a)-Minimum GHG emission in case: (b)-Minimum Annualized 

Total Cost  
 

CONCLUSION 

The solution obtained in the case of optimal SC synthesis using the criterion (A) 
Minimum total greenhouse gas emissions and using the criteria (B) The minimum annual cost 
showed that the greenhouse gas emissions were 6.6% lower than the criterion (A) than criterion 

(B), while the price of biodiesel is 14% higher than criterion (A). This is due to the increased 
capital and operating costs in case of criterion (A). In the case of designing SCs by using 
minimum greenhouse gas emissions as a target function, the best parameters are obtained if the 
bioresources used for the Bulgarian conditions are sunflower, rapeseed, animal fat and waste 

oils. 
 

Acknowledgements: The authors would like to thank Bulgarian National Science Fund 
for the financial support obtained under contract DN 07-14/15.12.2016. 

 
REFERENCES 

Iddrisu Awudu, Jun Zhang, (2012), Uncertainties and sustainability concepts in biofuel 
supply chain management: A review, Renewable and Sustainable Energy Reviews 16 1359- 

1368. 
Ozlem A., Shah N., Papageorgiou L., (2012), Economic optimisation of a UK advanced 

biofuel supply chain, Biomass and Bioenergy 4 1, 57-72. 
Yunzile Dzhelil, Evgeniy Ganev, Boyan Ivanov, Dragomir Dobrudzhaliev, (2018), 

Strategic design of integrated supply chains for production and distribution of bioethanol, 57th 
Annual scientific conference of University of Ruse and Union of Scientists - Reports Awarded 
with "Best Paper" Crystal Prize’18, 187-193. 


