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Background
Freight system in California

$650-740 billion

32% of the California economy

~5 million jobs in freight-related industries

33% of California jobs

25%    increase in volume

70%    increase in commodity value

50%    of diesel PM

45%    of the nitrogen oxide

24.2% of GHGs

2/3   Within California

Economy and Employment

Freight Transported

Freight Transport Produced

Projections 2025

Sources: Freight Analysis Framework Data by U.S. Department of Transportation 2012

EDD, Labor Market Information Division, 2014



Background
Major environmental, social and 
equity issues in the State

Freight transportation, a major source 
of environmental impacts

Several non-attainment zones



Major 
Improvements 
Needed

Example: NOx emissions

Nearly all trucks to have 2010 model year engines by 2023
• Mobile source emissions reduced more than 50%

• Trucks and bus emissions reduced by nearly 70%

Source: CARB

From GHGs to criteria pollutant 
reductions



The Role of 
Zero and Near 
Zero Emission 
Vehicles

Examples of 2030 targets:

California Sustainable Freight Action Plan (CSFAP) 
• Improve freight system efficiency by 25%

• Deploy over 100,000 freight vehicles and equipment capable of zero 
emission operation; and 

• Foster future economic growth within the freight and goods 
movement industry

Advanced Clean Truck (ACT) Program
• Manufacturer sales requirement (ZEVs as a percentage of sales)

• Large company and fleet reporting requirements (2021)

Senate Bill 44 ‘Medium-duty and Heavy-duty Vehicles: 
Comprehensive Strategy’ 

Assembly Bill 1411 ‘Integrated Action Plan for Sustainable 
Freight’
• Deploy 200,000 zero-emission vehicles and equipment

Trucks are a major source of emissions

There are many programs and 
regulations in place or imminent 
fostering the use of ZEVs in the State



ACT

2024 – 2030 requirements Post 2030?

Manufacturer sales Zero Emission Fleet Directive

Fleet purchase requirements



Today

Many incentive programs

Once purchase requirements kick in…”no more” purchase incentives



Major 
Questions What are the impacts of these types of regulations 

on logistics operations?

What are the costs?

How will these affect the very large number of very 
small operators?



What we are 
Doing…

Evaluating the potential impacts of some of these regulations:
• Reduction of the overall fleet emissions 

• Fleet mix to include zero and near-zero emission vehicle 
technologies

Concentrating on logistics decisions:

• Changes in inventory

• Fleet composition and use

How?

We introduce a constrained Stochastic Multi-objective Joint 
Replenishment Problem (S-MJRP) model

We solve it with a hybrid solution algorithm based on:
• GRASP and GAs metaheuristics 



S-MJRP

S-MJRP stands for Stochastic Multi-Objective (Minimizing
logistics costs and CO2 emissions) Joint Replenishment
Problem.

It is an extension of the classic Joint Replenishment Problem
(JRP) introduced by Starr, M. K., & Miller (1962)

JRP deals with the problem of coordinating the replenishment
of multiple items to a customer

By coordinating orders, the JRP reduces both ordering and
holding costs

JRP has high potential application in real settings 

However…Even the simplest form of JRP is very 
computationally complex

Traditionally, companies seek to
reduce their logistics costs

e.g., to transport, to order and to hold
inventories.

Reducing emissions by minimizing the
transport or using more expensive
vehicles may affect the frequency and
shipment sizes

So… What is the trade-off between the
different costs?

Increased cargo volume 
allows for reduced 

transport fees

Joint inventory 
disaggregates at the 

end



S-MJRP
How to transport and inventory 
different products

T T T T TK1

K2
K3

Time

In
ve

n
to

ry
le

ve
l

Ordering Cost
Transport & 
Fleet Cost

Holding Cost

Total generated emissions

Warehouse cap. cons.

Budget cons.

Worse case fleet requirement cons. 



Enforcing 
Regulatory 
Constraints
Reduction of the overall fleet
emissions

Fleet mix to include zero and near-zero
emission vehicle technologies

Requiring a reduction of the overall fleet emissions

Requiring a fleet mix to include zero and near-zero 

emission vehicle 



Solution 
Method
Random Evolutionary three-level meta-
heuristic (MH3)

• Exponential number of feasible 
solutions

• Non-linear non-continuous nature

Problem decomposition:

1. Solutions for T and K’s

2. Solutions for X’s for given T and K’s

Based on:

• Genetic Algorithms

• Greedy Randomized Adaptive Search 
Procedure (GRASP)



Empirical 
Analyses

Diesel Rented Hybrid EV

Operational cost $/mile 0.71 10 0.63 0.44

Purchase cost $/vehicle (𝑨𝒊) 160,000 0 250,000 290,000

Vehicle cap. mts3/unit (𝑾𝒊) 75 75 63.75 52.5

Emissions grs/shipment (𝒆𝒊) 1667.32 1667.32 1167.12 0

Integrated supplier-retailer operations

Single echelon distribution

Families of homogeneous products

Normally distributed demands

We consider:

• Diesel, Battery Electric, Hybrid Electric

• And for-hire diesel trucks at a flat rate

Parameter 1 2 3 4 5 6 7 8 9 10

Annual demand (𝑫𝒊) 700,000 500,000 400,000 55,000 40,000 600,000 450,000 500 450 400

Minor cost $/shipment (𝒔𝒊) 90 100 135 400 475 80 130 1000 1000 1500

Holding cost $/unit (𝒉𝒊) 10 12 12 12 12 10 10 15 15 15

Unit weight mts3 (𝒘𝒊) 0.25 0.75 0.5 2 4 0.25 0.75 4 4 4

𝒁𝜶𝒊 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

Standard deviation (𝝈𝒊) 35,000 65,000 25,000 4,000 4,500 65,000 70,000 50 60 20

Lead time yrs./shipment (𝑳𝒊) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03



Results

Solution % EV in fleet 
% Emission 
reduction 

% Incr. 
transportation 

cost 

% Incr. 
replenishment 

cost 
Required fleet 

invest. 

1 (A) 0.0% 0.0% 0.00% 0.00%  $                       -  

2 0.0% 1.0% 32.87% 0.31%  $        1,480,000  

3 (B) 6.7% 11% 43.38% 0.41%  $        1,700,000  

4 18.8% 16% 46.25% 0.44%  $        1,850,000  

5 43.8% 36% 74.15% 0.70%  $        3,150,000  

6 52.9% 43% 97.20% 0.92%  $        3,890,000  

7 50.0% 44% 119.34% 1.12%  $        3,930,000  

8 (C) 57.9% 60% 160.97% 1.52%  $        5,190,000  

9 76.9% 64% 264.19% 2.49%  $        7,300,000  

10 61.9% 70% 189.07% 5.01%  $        5,770,000  
11 (D) 100% 100% 232.71% 5.43%  $        6,670,000  

 

Solution Diesel   For-Hire   Hybrid          EV 

1 (A) - -  14 1.00  - -  - - 
2 3 1.0  8 1.00  4 1.00  - - 

3 (B) 1 1.0  8 1.00  5 1.00  1 1.00 
4 3 1.0  8 0.92  2 1.00  3 1.00 
5 7 1.0  2 1.00  - -  7 1.00 
6 8 1.0  - -  - -  9 1.00 
7 2 1.0  3 1.00  4 1.00  9 1.00 

8 (C) - -  - -  8 1.00  11 1.00 
9 - -  - -  6 0.65  20 0.79 

10 - -  - -  8 0.75  13 1.00 
11 (D) - -  - -   0 -   23 0.88 

 Each Colum: Number / Use rate 

 



Conclusions
and Insights

The ratio emission reductions/investment is not linear. 

E.g., 

reducing emissions by 60% increases:
• Replenishment costs by 1.52%, 

• Transportation costs by 160.97%. 

To reduce the remaining 40% of emissions, increases
• Replenishment costs by 5.43%

• Transportation by 232.71%.

Understanding of the impacts of environmental policies on 
logistics operations, can inform and help design more 
appropriate support programs

Given that different companies have different logistics 
dynamics, we need to consider the allocation of benefits 

New SB1 Project

“Development of a Logistics Decision 
Support Tool for Small and Medium 
Companies to Evaluate the Impacts of 
Environmental Regulations in 
California”



Questions!

• Contact info:

mjaller@ucdavis.edu
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