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Introduction
°

Horizontal Cooperation

“An active cooperation between two or more firms that operate on
the same level of the supply chain and perform a comparable
logistics function”. (Cruijssen et al., 2006)
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Introduction
.

Current Situation

@ High potential CO; reduction related to transportation:
vehicles are loaded on average at 57% of their capacity
(Creemers et al., 2017).

@ Trend aiming at a lower stock level and a higher delivery
frequency (Harris et al., 2011).

© High variation in the emission reductions due to
cooperation (i.e. between 8% and 33% in Soysal et al., 2018).

w Qur challenge: present valuable managerial insights to help
companies assessing the potential environmental benefits they
can get when cooperating, as a function of their characteristics.
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Problem & Model

Benefit 1: Reduction of the Distances

@ Two companies with their own independent plants and
different products.

@ Each company receives orders from retailers for its product.

© The products of each companies can be stored and
delivered together.

Il Plant
v Distribution Center
@ Retailer 4/16
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Problem & Model
°

Benefit 2: Better Loading Rate
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Problem & Model
°

Benefit 2: Better Loading Rate

STAND ALONE CASE

3 days 3 days

Monday Tuesday Wednesday Thursday Friday Saturday
COOPERATIVE CASE
2 days = 2 days 2 days
00" Oowow
® o ® ® ®
Monday Tuesday Wednesday Thursday Friday Saturday

© Higher delivery frequency.
@ Higher loading rate.

© Lower number of vehicles/deliveries.
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Problem & Model
°

Location-Inventory Model

We use a location-inventory model to determine:

@ The number and the locations of the distribution centers.
@ The delivery network.

© The inventory decisions.

When deciding on the supply network design, the focus is given
on cost reduction.

Companies are interested in the assessment of the possible
C O, emissions reductions as an additional motivation to
cooperate horizontally.
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Problem & Model
°

Location Inventory Model

We aim at minimizing the total cost composed of transportation,
cycle inventory, ordering, facility opening and safety stock costs.
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Experimental Setting
°

Experiments

Our research proceeds in 3 steps.

@ Designing the supply chain networks of the companies when
they are independent.

@ Designing the supply chain networks when they collaborate.

© Comparing CO; emissions between the total emissions in the
stand alone cases and the emissions in the cooperation case.

As our model provides the traveled distances and the loading rate
of the vehicles (shipment sizes), it allows to apply the CO;
emissions computation proposed by Pan et al. (2013).

A,
er

- |f the carried quantity doubles, the emissions less than double.
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Experimental Setting
°

Parameter Combinations

Network Parameters

ny = nyg 60

Width (500, 1000) km

Capacity Percentages (10, 20, 30, 40, 50, 60, 70, 80, 90, 100)
Demand Parameters

Ar € [50, 250] items/week

cv (04,07, 1)

« 97,5%

2l 1,96

Cost Parameters

Fy (1000, 2000, 4000) € /week
K('j . (250, 500, 1000) € /order
Hy = H, (0.25, 0.50, 1) €/item-week

A total of 24,300 experiments is performed in our analysis.
@ 1620 parameter combinations (2-10-3-3-3-3).
@ Five maps are generated resulting in 8100 instances.

© We run the model three times: when companies are
independent (2 cases) and when they decide to cooperate.

@ Average optimality gap 0.25% - limited to 1800 seconds.
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CO2 Emissions Reductions
°

C O, Emissions Reductions

Width = 500 Width = 1000 Average
F,=1000 F;=2000 F,—=4000|F;=1000 F;=2000 F4=4000||(all cases)
193% 9.7%  68% | 247% 185%  6.7% 14.3%
0.25((2.29|1.64 2.00|1.11 2.00|1.00 [3.79|2.77 2.05|1.52 2.00|1.01 || 2.35[1.51
0.81]0.91 0.82[0.93 0.82]0.93 [0.76/0.86 0.81|0.91 0.81/0.93 || 0.81|0.91
18.0% 142%  72% | 172% 24.2% 112% | 15.3%
0.4 0.5 ||3.17/2.08 2.05/1.30 2.00|1.01 |5.65[3.59 2.58[2.08 2.00|1.17 |[2.91|1.87
0.80/0.90 0.82]0.92 0.82]0.93 |0.76/0.88 0.79]0.88 0.81/0.93 || 0.80/0.91
182% 19.9%  9.7% | 142% 24.1% 19.7% | 17.7%
1 ||4.152.65 2.32|1.60 2.00|1.11 |7.10[4.12 4.01|2.88 2.06|1.56 || 3.62|2.33
0.79]0.90 0.82]0.91 0.82/0.93 |0.78/0.90 0.77]0.87 0.82/0.90 || 0.80/0.90
203%  9.7%  68% | 242% 19.6%  71% 14.6%
0.25((2.33|1.71 2.00|1.11 2.00|1.00 [4.08|2.90 2.08|1.57 2.00|1.01 || 2.41|1.55
0.81]0.90 0.82[0.93 0.82/0.93 |0.76/0.86 0.81|0.90 0.81/0.93 || 0.80/0.91
189% 159%  75% | 18.7% 252%  12.3% | 16.4%
1 05 (/3.40/2.26 2.05/1.37 2.00|1.03 [6.04[3.67 2.76/2.23 2.00|1.21 || 3.04|1.96
0.79]0.90 0.82]0.92 0.82]0.93 |0.76/0.87 0.79]0.87 0.81]0.92 || 0.80/0.90
17.1% 212% 11.3% | 148% 244%  21.7% | 18.4%
1 |[4.63]2.87 2.43|1.81 2.00|1.17 |7.39]4.20 4.463.11 2.11|1.68 || 3.84|2.49
0.78]0.90 0.81]0.90 0.82]0.93 |0.78/0.90 0.76]0.86 0.82/0.89 || 0.80/0.90
18.7% 151%  82% | 19.0% 228% 13.0% | 16.1%
3.32|2.20 2.14|1.40 2.00/1.05 |5.69|3.55 2.99|2.23 2.03|1.27 || 3.03|1.95
0.80/0.90 0.82(0.92 0.82/0.93 |0.77/0.88 0.79]0.88 0.82/0.92 || 0.80/0.90

Ccv H

Average
(all cases)
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CO2 Emissions Reductions
°

C O, Emissions Reductions

Width = 500 Width = 1000 Average
F4=1000 F,=2000 F,=4000|F,=1000 F4=2000 F,=4000]|(all cases)
19.3% 9.7% 6.8% 24.7% 18.5% 6.7% 14.3%
0.25(/2.29|1.64 2.00|1.11 2.00|1.00 |3.79]|2.77 2.05|1.52 2.00|1.01 || 2.35|1.51
0.81]0.91 0.82|0.93 0.82|0.93 |0.76/0.86 0.81]0.91 0.81|0.93 || 0.81|0.91
18.0% 14.2% 7.2% 17.2% 24.2% 11.2% 15.3%
0.4 0.5 ([3.17|2.08 2.05|1.30 2.00|1.01 |5.65|3.59 2.58|2.08 2.00|1.17 || 2.91|1.87
0.80/0.90 0.82]0.92 0.82]0.93 |0.76/0.88 0.79]0.88 0.81|0.93 || 0.80]0.91
18.2% 19.9% 9.7% 14.2% 24.7% 19.7% 17.7%
1 |/4.15/2.65 2.32]1.69 2.00|1.11 |7.19]|4.12 4.01]|2.88 2.06|1.56 || 3.62|2.33
0.79|0.90 0.82]0.91 0.82]0.93 |0.78]0.90 0.77]0.87 0.82]0.90 || 0.80]/0.90
20.3% 9.7% 6.8% 24.2% 19.6% 7.1% 14.6%
0.25(|2.33|1.71 2.00|1.11 2.00|1.00 |4.08|2.90 2.08|1.57 2.00|1.01 || 2.41|1.55
0.81]0.90 0.82|0.93 0.82|0.93 |0.76/0.86 0.81]0.90 0.81|0.93 || 0.80|0.91
18.9% 15.9% 7.5% 18.7% 25.2% 12.3% 16.4%
1 0.5 [3.40/2.26 2.05|1.37 2.00/1.03 |6.04|3.67 2.76|2.23 2.00|1.21 || 3.04|1.96
0.79/0.90 0.82]0.92 0.82]0.93 |0.76/0.87 0.79]0.87 0.81|0.92 || 0.80/0.90
17.1% 21.2% 11.3% 14.8% 24.4% 21.7% 18.4%
1 |/4.63|2.87 2.43]1.81 2.00|1.17 |7.39]|4.29 4.46|3.11 2.11|1.68 || 3.84|2.49
0.78/0.90 0.81]0.90 0.82]0.93|0.78]0.90 0.76/0.86 0.82|0.89 || 0.80/0.90
18.7% 15.1% 8.2% 19.0% 22.8% 13.0% 16.1%
3.32|2.20 2.14]1.40 2.00/1.05 |5.69|3.55 2.99|2.23 2.03|1.27 || 3.03]|1.95
0.80/0.90 0.82|0.92 0.82|0.93 |0.77|0.88 0.79]0.88 0.82(0.92 || 0.80|0.90

Ccv H

Average
(all cases)
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CO2 Emissions Reductions
°

C O, Emissions Reductions

Width = 500 Width = 1000 Average
F,=1000 F;=2000 F,=4000|F,=1000 F;=2000 F,=4000||(all cases)
193% 9.7%  68% | 247% 185% 6.7% | 14.3%
0.25|2.29/1.64 2.00/1.11 2.00/1.00|3.79|2.77 2.05[1.52 2.00|1.01|| 2.35|1.51
0.81]0.91 0.82[0.93 0.82]0.93|0.76/0.86 0.81]0.91 0.81/0.93|0.81/0.91
18.0% 142% 72% | 172% 24.2% 11.2% | 15.3%
0.4 0.5 ||3.17/2.08 2.05/1.30 2.00|1.01|5.65(3.59 2.58|2.08 2.00|1.17|2.91|1.87
0.80]0.90 0.82]0.92 0.82]0.93|0.76]0.88 0.79]0.88 0.81/0.93| 0.80]0.91
182% 19.9% 0.7% | 142% 24.7% 19.7% | 17.7%
1 ||4.15/2.65 2.32|1.69 2.00|1.11|7.19|4.12 4.01|2.88 2.06|1.56 | 3.62|2.33
0.79]0.90 0.82]0.91 0.82/0.93|0.78/0.90 0.77]0.87 0.82]0.90|| 0.80[0.90
203%  9.7%  68% | 242% 106%  7.1% || 14.6%
0.25((2.33|1.71 2.00|1.11 2.00/1.00{4.08[2.90 2.08|1.57 2.00|1.01|| 2.41|1.55
0.81]0.90 0.82[0.93 0.82]0.93|0.76/0.86 0.81]0.90 0.81/0.93|| 0.80]0.91
189% 159%  75% | 18.7% 252% 12.3% | 16.4%
1 05 (/3.40/2.26 2.05/1.37 2.00|1.03|6.04/3.67 2.76|2.23 2.00|1.21|| 3.04/1.96
0.79]0.90 0.82]0.92 0.82/0.93|0.76/0.87 0.79]0.87 0.81]0.92|| 0.80[0.90
171% 212% 11.3% | 148% 24.4% 21.7% | 18.4%
1 ||4.63]2.87 2.43|1.81 2.00[1.17|7.394.29 4.46|3.11 2.11|1.68||3.84|2.49
0.78]0.90 0.81]0.90 0.82/0.93|0.78/0.90 0.76]0.86 0.82]0.89|| 0.80[0.90
18.7% 15.1% 82% | 19.0% 228% 13.0% || 16.1%
3.32|2.20 2.14|1.40 2.00|1.05|5.69|3.55 2.99[2.23 2.03|1.27|| 3.03|1.95
0.80/0.90 0.82[0.92 0.82/0.93|0.77/0.88 0.79]0.88 0.82]0.92|| 0.80|0.90

Ccv H

Average
(all cases)

10/16



CO2 Emissions Reductions
°

C O, Emissions Reductions

Width = 500 Width = 1000 Average
F,=1000 F;=2000 F,—=4000|F;=1000 F;=2000 F4=4000||(all cases)
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182% 19.9%  9.7% | 142% 24.1% 19.7% | 17.7%
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CO2 Emissions Reductions
°

C O, Emissions Reductions

Width = 500 Width = 1000 Average
F,=1000 F;=2000 F,—=4000|F;=1000 F;=2000 F4=4000||(all cases)
193% 9.7%  68% | 247% 185%  6.7% 14.3%
0.25((2.29/1.64 2.00[1.11 2.00|1.00 |3.79]2.77 2.05/1.52 2.00|1.01 || 2.35/1.51
0.81]0.91 0.82[0.93 0.82]0.93 [0.76/0.86 0.81|0.91 0.81/0.93 || 0.81|0.91
18.0% 142%  72% | 172% 24.2% 112% | 15.3%
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182% 19.9%  9.7% | 142% 24.1% 19.7% | 17.7%
1 ||4.15/2.65 2.32|1.69 2.00/1.11|7.19]4.12 4.01|2.88 2.06|1.56 || 3.62|2.33
0.79]0.90 0.82]0.91 0.82/0.93 |0.78/0.90 0.77]0.87 0.82/0.90 || 0.80/0.90
203%  9.7%  68% | 242% 19.6%  71% 14.6%
0.25((2.33/1.71 2.00[1.11 2.00|1.00 |4.08]2.90 2.08|1.57 2.00|1.01 ||2.41|1.55
0.81]0.90 0.82[0.93 0.82/0.93 |0.76/0.86 0.81|0.90 0.81/0.93 || 0.80/0.91
189% 159%  75% | 18.7% 252%  12.3% | 16.4%
1 0.5/3.40/2.26 2.05/1.37 2.00|1.03 [6.04[3.67 2.76|2.23 2.00|1.21 || 3.04|1.96
0.79]0.90 0.82]0.92 0.82]0.93 |0.76/0.87 0.79]0.87 0.81]0.92 || 0.80/0.90
17.1% 212% 11.3% | 148% 244%  21.7% | 18.4%
1 ||4.63|2.87 2.43|1.81 2.00|1.17 |7.39[4.29 4.46|3.11 2.11|1.68 || 3.84|2.49
0.78]0.90 0.81]0.90 0.82]0.93 |0.78/0.90 0.76]0.86 0.82/0.89 || 0.80/0.90
18.7% 151%  82% | 19.0% 228% 13.0% | 16.1%
3.32|2.20 2.14|1.40 2.00/1.05 |5.69|3.55 2.99|2.23 2.03|1.27 || 3.03|1.95
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CO2 Emissions Reductions
°

C O, Emissions Reductions

Width = 500 Width = 1000 Average
F,=1000 F;=2000 F,—=4000|F;=1000 F;=2000 F4=4000||(all cases)
193% 9.7%  68% | 24.7% 185% 6.1% 14.3%
0.25((2.29|1.64 2.00|1.11 2.00|1.00 [3.79|2.77 2.05|1.52 2.00|1.01 || 2.35[1.51
0.81]0.91 0.82[0.93 0.82]0.93 [0.76/0.86 0.81|0.91 0.81/0.93 || 0.81|0.91
18.0% 142%  72% | 172% 24.2% 112% | 15.3%
0.4 0.5 ||3.17/2.08 2.05/1.30 2.00|1.01 |5.65[3.59 2.58[2.08 2.00|1.17 |[2.91|1.87
0.80/0.90 0.82]0.92 0.82]0.93 |0.76/0.88 0.79]0.88 0.81/0.93 || 0.80/0.91
182% 19.9%  9.7% | 142% 24.1% 19.7% | 17.7%
1 ||4.152.65 2.32|1.60 2.00|1.11 |7.10[4.12 4.01|2.88 2.06|1.56 || 3.62|2.33
0.79]0.90 0.82]0.91 0.82/0.93 |0.78/0.90 0.77]0.87 0.82/0.90 || 0.80/0.90
203%  9.7%  68% | 242% 19.6%  71% 14.6%
0.25((2.33|1.71 2.00|1.11 2.00|1.00 [4.08|2.90 2.08|1.57 2.00|1.01 || 2.41|1.55
0.81]0.90 0.82[0.93 0.82/0.93 |0.76/0.86 0.81|0.90 0.81/0.93 || 0.80/0.91
189% 159%  75% | 18.7% 25.2%  12.3% | 16.4%
1 05 (/3.40/2.26 2.05/1.37 2.00|1.03 [6.04[3.67 2.76/2.23 2.00|1.21 || 3.04|1.96
0.79]0.90 0.82]0.92 0.82]0.93 |0.76/0.87 0.79]0.87 0.81]0.92 || 0.80/0.90
17.1% 212% 11.3% | 148% 244%  21.7% | 18.4%
1 |[4.63]2.87 2.43|1.81 2.00|1.17 |7.39]4.20 4.463.11 2.11|1.68 || 3.84|2.49
0.78]0.90 0.81]0.90 0.82]0.93 |0.78/0.90 0.76]0.86 0.82/0.89 || 0.80/0.90
18.7% 151%  82% | 19.0% 228% 13.0% | 16.1%
3.32|2.20 2.14|1.40 2.00|1.05 |5.69|3.55 2.99|2.23 2.03|1.27 |3.03|1.95
0.80/0.90 0.82(0.92 0.82|0.93 [0.77/0.88 0.79]0.88 0.82/0.92 |0.80(0.90

Ccv H

Average
(all cases)
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Managerial Insights

CO2 Emissions Reductions

CVH)

Width = 500

Width = 1000

F,=1000 F;=2000 F;=4000

F,=1000 F;=2000 Fy=4000

Average
(all cases)

Average
(all cases)

18.7%

3.32|2.20 2.14]1.40 2.00|1.05
0.80/0.90 0.82]0.92 0.82]0.93

15.1%

8.2%

19.0%

5.69|3.55 2.99[2.23 2.03|1.27
0.77|0.88 0.79/0.88 0.82(0.92

22.8%

13.0%

16.1%
3.03/1.95
0.80/0.90

w The reduction in CO> emissions comes from two main factors:

@ Sharing their distribution centers reduces the average
distance (average accounting for the delivery frequency) to
the retailers by 36.8%.

@ Sharing vehicles improves the average vehicle loading rate
by 10%, and leads to a reduction in the total number of
trips per period by 12.5% on average.
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CO2 Emissions Reductions
°

Managerial Insights

CO2 EMISSION REDUCTIONS (IN%)
LOADING RATE
PROPORTION OF FULL VEHICLES (IN%)

10 20 30 40 50 60 70 80 90 100
CAP%
== (02 Emission Reductions
—@—Stand Alone Loading Rate —@— Collaborative Loading Rate
—&— Stand Alone Proportion of Full Vehicles —&— Collaborative Proportion of Full Vehicles

w \When the capacity increases, the CO, emissions reductions first
decrease and then increase.
©@ When the capacity is low, more DCs are opened so the
cooperation allows important savings in traveled kilometers.
@ When the capacity is high, horizontal cooperation is

particularly beneficial as it improves the loading rate. 216
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w A larger partnership has a positive impact on the CO,
emissions but the marginal benefit decreases with each newcomer.

Stand Alone Case Cooperative Case
CO; Reduc.| CO, Trips DCs LR | CO, Trips DCs LR

2 Partners 19.3% 18044 59.3 3.7 77%| 14555 523 2.4 88%

9.4% +51.2% +30.2 +1.9 +1% | +33.6% +22.4 +0.5 +5%
3 Partners 28.7% 27278 89.5 5.6 78%| 19444 747 29 93%
5.1% +32.8% +20.1 +1.9 40% | +23.3% +21.9 +0.3 +2%

4 Partners 33.8% 36231 118.6 7.5 78% |23975 96.6 3.2 95%
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w A larger partnership has a positive impact on the CO,
emissions but the marginal benefit decreases with each newcomer.

Stand Alone Case Cooperative Case
CO; Reduc.| CO, Trips DCs LR | CO, Trips DCs LR

2 Partners 19.3% 18044 59.3 3.7 77%| 14555 523 24 88%

+9.4% +51.2% +30.2 +1.9 +1% | +33.6% +22.4 +0.5 +5%
3 Partners 28.7% 27278 89.5 5.6 78%| 19444 747 29 93%
+5.1% +32.8% +20.1 +1.9 +0% | +23.3% +21.9 +0.3 +2%

4 Partners 33.8% 36231 1186 7.5 78% 23975 966 3.2 95%

© Improve the loading of the vehicles, reducing the CO,
emissions related to the number of trips per period.
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w A larger partnership has a positive impact on the CO,
emissions but the marginal benefit decreases with each newcomer.

Stand Alone Case Cooperative Case
CO; Reduc.| CO, Trips DCs LR | CO, Trips DCs LR

2 Partners 19.3% 18044 59.3 3.7 77%| 14555 523 2.4 88%

+9.4% +51.2% +30.2 +1.9 +1% | +33.6% +22.4 +0.5 +5%
3 Partners 28.7% 27278 89.5 5.6 78%| 19444 747 2.9 93%
+5.1% +32.8% +29.1 +1.9 +0% | +23.3% +21.9 +0.3 +2%

4 Partners 33.8% 36231 118.6 7.5 78% |23975 96.6 3.2 95%

© Improve the loading of the vehicles, reducing the CO,
emissions related to the number of trips per period.

@ Open more distribution centers for which they share the
opening costs, reducing the distances with the retailers.
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Fq Cap% Kgq Hi=H. Width CV #Partners
Comparison || 1000/4000 10|100 250/1000 0.25|]1 500({1000 0.4|1 2|4

CO2 Emissions -82% +3.9% -5.5% +3.6% +3.9% +0.7% +14.5%

Logistic Cost +35% +7.1% -3.1% -3.1% +0.5% -1.2% +13.4%

m The horizontal cooperation is more environmentally profitable if:

@ Low facility opening costs;
@ Unsuited vehicle capacity;
© Low order costs;

© Expensive products;

© Vast market;

© High demand variability;
@ High number of partners.
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w Partnerships with more than two partners, with low order costs,
using vehicles with a large capacity and delivering their products
on a vast market have to be encouraged as they are profitable on
both dimensions.

w The horizontal cooperation reduces C O, emissions for
companies with cheap facility opening costs delivering expensive
products on a market with a large variability but increases the
costs.

m To conclude, the horizontal cooperation allows a reduction of
the CO; emissions of 16% in average. But this result varies
with the partners and markets characteristics.

Future researches:
@ Other environmental index than CO, emissions.
@ Find the best trade off: costs / CO, emissions reductions.
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The percentage can be translated as the theoretical percentage of
retailers which are not constrain by the vehicle's capacity.

@ We begin by running the model without capacities for both
companies. We obtain 120 optimal shipment sizes, QJ,.

@ Values for retailers which are at the same location as opened
DCs are removed and we rank the remaining values in
ascending order.

© We take the n-th value corresponding to the different
percentages.

@ We restart the calculation when parameters change.
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