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1. Introduction
Biodiesel provides a great potential for improving environment quality and alleviating strong reliance on importing petroleum.  Compared to conventional petroleum diesel fuel, biodiesel is more sustainable and leads to lower greenhouse gas emissions.  In addition, biodiesel has the same energy content as petroleum diesel and can be used in conventional diesel engine vehicles, which makes it an ideal alternative clean fuel for diesel engines.  
Biodiesel is made by transesterification of new or used vegetable oils and animal fats.  In this project, the bio-waste feedstock waste cooking oil (WCO) from fast-food restaurants is used as feedstock resource.  It can make up a substantial difference in the resource availability for biodiesel production for two reasons: it is abundant in urban areas, and gathered to use for free.  
The major costs in the supply chain of WCO to biodiesel occur in the processes of oil collections and deliveries.  Designing effective and efficient collection-delivery routes between restaurants and refineries is therefore desired with the goal of minimizing the total cost of operating such routes.  
In this study, a mathematical model is formulated to optimally determine the system of routes on which collector trucks are deployed to complete WCO collections and deliveries in Sacramento region with the minimum total travel distance.  The model outcomes include the physical layout of optimal routes and tactical deployment of trucks on the routes.  
2. DATA collections and processing
This project needs both geographical and regional WCO data.  The geographical data consisted of real road network in Sacramento region as well as locations of study restaurants (McDonald’s restaurants) and biodiesel refinery (proposed to be opened at Sacramento port).  All data are maintained and preformed in Geographic Information System (GIS) software packages (i.e., ArcGIS 9.2 and ArcView 3.1).  The road network includes highways, arterial and local roads in this region, which are downloaded from the governmental resources website, mapping center of Sacramento Area Council of Government.  There are 45 McDonald’s restaurants (see complete list in Appendix 1) selected.  The addresses and contact information of the restaurants are available from McDonald’s website.  The locations of refinery and restaurants are displayed in ArcMap through identifying their longitudes and latitudes and encoding them into ArcMap.  The study map is shown in Appendix 2. 
The WCO data refer to the periodical yields of WCO from study restaurants.  These data were collected through phone and onsite interviews with restaurant staffs.  However, due to the limitations by the knowledge of restaurant managers interviewed as well as their hesitation or inability to render the information, regression analysis was conducted on the raw data.  The relationship between the oil yields and the restaurant occupancy is shown in the equation below, with R-square value of 0.73 and p-value significantly less than 0.05:
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The 45 restaurants yield a total of 7,912 gallons of WCO monthly, which can theoretically produce 76,000 gallons of biodiesel yearly.  The WCOs are transported by collector trucks with capacity of 567,000 in3, which is equivalent to 2,500 gallons.  
3. methods
The goal of this project is to construct a set of circuit routes starting and ending at depot (biodiesel refinery) with the minimum total travel distance by a fleet of trucks deployed on the routes to complete WCO collections and deliveries.  From viewpoint of operations research, this problem is a variant of Vehicle Routing Problem (VRP), called Capacitated Vehicle Routing Problem (CVRP).  Although this type of mathematical model has been extensively employed to solve practical problems in other contexts, applying it to solve a biodiesel supply chain problem is still new to our knowledge and worthy of exploring.  The mathematical formulation and solution method are available in the full report.  
4. Results
With truck capacity of 2500 gallons, the optimal supply system contains four trucking routes as plotted in Appendix 3, in which biodiesel refinery is denoted as black hexagon and restaurants are denoted as brick red dots.  The system only needs one truck to be deployed on each route weekly.  The collector truck leaves the depot and takes on one route to collect WCO following a given order and it returns to the depot after it completes tasks on that route.  For example, on route 1, departing from depot in week 1, the truck first serves the restaurant on node 1 and then it proceeds to serve restaurants at node 3, 37, 43, 34, and 20 consecutively, and it returns to the depot from restaurant at node 20.  By analogy to the deployment on route 1, this truck is deployed on route 2, 3, 4 in week 2, 3, 4 respectively.  Note that each restaurant can only be assigned to exactly one route.  In order to serve all the 45 restaurants, the truck has to travel at least 169 miles every month.  Additional comparative analyses with other routing methods have also been done and the results are summarized in the full report.
5. Assessment

This project is a good example of utilizing mathematical modeling techniques to solve a practical biodiesel supply chain problem.  The results provide insights on both planning and tactical levels of decisions.  Extensive raw data collection and data processing with use of GIS is also the original contribution of this project.  The full project report will be available for authors in the near future.  
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Appendix 1
	Address
	City
	Zipcode
	Id
	TEL#
	Monthly Yields (gALLONs)

	2895 Industrial Blvd
	WEST SACRAMENTO
	95691
	0
	(916)371-8000
	----

	2851 W CAPITOL AVE
	WEST SACRAMENTO
	95691
	1
	(916)371-8333
	32

	1700 W CAPITOL AVE
	WEST SACRAMENTO
	95691
	2
	(916)371-2212
	96

	800 RIVERPOINT CIR
	WEST SACRAMENTO
	95605
	3
	(916)376-9000
	290

	200 RICHARDS BLVD.
	Sacramento
	95814
	4
	(916)444-2395
	96

	2985 FREEPORT BLVD
	Sacramento
	95818
	5
	(916)443-7632
	86

	2331 BROADWAY
	Sacramento
	95818
	6
	(916)451-7264
	167

	3006 K St
	Sacramento
	95816
	7
	(916)457-2251
	186

	I-80 & TRUXEL
	Sacramento
	95834
	8
	(916)928-9690
	77

	3950 TRUXEL ROAD
	Sacramento
	95834
	9
	(916)515-0814
	167

	3773 NORTHGATE BLVD.
	Sacramento
	95833
	10
	(916)920-5940
	315

	5525 Folsom Blvd
	Sacramento
	95819
	11
	(916)456-2879
	126

	2335 FLORIN RD
	Sacramento
	95822
	12
	(916)394-1618
	220

	2517 DEL PASO BLVD.
	Sacramento
	95815
	13
	(916)927-1459
	220

	8940 POCKET RD
	Sacramento
	95831
	14
	(916)399-1011
	252

	5425 FRUITRIDGE ROAD
	Sacramento
	95820
	15
	(916)453-1615
	290

	4124 FLORIN RD.
	Sacramento
	95823
	16
	(916)395-7016
	290

	4242 NORWOOD AVENUE
	Sacramento
	95838
	17
	(916)920-4242
	120

	1721 Howe Ave
	Sacramento
	95825
	18
	(916)922-2774
	167

	2320 FAIR OAKS BLVD
	Sacramento
	95825
	19
	(916)921-6013
	191

	4444 CHILES RD
	DAVIS
	95617
	20
	(530)753-5001
	220

	8020 FRUITRIDGE ROAD
	Sacramento
	95824
	21
	(916)386-1779
	191

	6091 FLORIN ROAD
	Sacramento
	95823
	22
	(916)393-1760
	126

	4731 MACK RD
	Sacramento
	95823
	23
	(916)399-9122
	282

	3412 ARDEN WAY
	Sacramento
	95864
	24
	(916)488-0595
	167

	400 ELKHORN BLVD
	RIO LINDA
	95673
	25
	(916)992-1122
	96

	6370 MACK RD
	Sacramento
	95823
	26
	(916)423-1140
	36

	2535 WATT AVE
	Sacramento
	95821
	27
	(916)971-0244
	664

	8901 FOLSOM BLVD
	Sacramento
	95826
	28
	(916)362-1951
	55

	8140 GERBER RD
	Sacramento
	95828
	29
	(916)689-6977
	52

	4121 MARCONI AVE
	Sacramento
	95821
	30
	(916)482-8467
	382

	4957 WATT AVE
	NORTH HIGHLANDS
	95660
	31
	(916)332-8879
	88

	9146 HARBOUR POINT DR
	ELK GROVE
	95758
	32
	(916)665-9246
	158

	8200 CALVINE ROAD
	ELK GROVE
	95828
	33
	(916)525-2755
	167

	640 W COVELL
	DAVIS
	95616
	34
	(530)756-8886
	48

	3560 BRADSHAW RD
	ROSEMONT
	95827
	35
	(916)361-8186
	73

	6749 WATT AVE
	NORTH HIGHLANDS
	95660
	36
	(916)344-9288
	48

	1716 E MAIN ST
	WOODLAND
	95776
	37
	(530)661-0193
	55

	7527 LAGUNA BLVD
	ELK GROVE
	95758
	38
	(916)683-1535
	126

	5008 AUBURN BLVD
	Sacramento
	95841
	39
	(916)332-6951
	167

	7329 FAIR OAKS BLVD.
	CARMICHAEL
	95608
	40
	(916)488-8233
	361

	7901 WATT AVE
	ANTELOPE
	95843
	41
	(916)331-9344
	73

	8282 LAGUNA BLVD
	ELK GROVE
	95758
	42
	(916)691-3231
	126

	1500 E MAIN ST
	WOODLAND
	95695
	43
	(530)668-1011
	214

	10355 FOLSOM BLVD.
	RANCHO CORDOVA
	95670
	44
	(916)363-9931
	167

	5301 ELKHORN BLVD.
	FOOTHILL FARMS
	95842
	45
	(916)331-2126
	382
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Map of study area
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Optimal trucking routes (total of 169 miles)
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