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Anahtar Kelimeler:

Ozet

E-ticaret sektoriindeki hizli biiylime, yalnizca tedarik zincirinin
genelinde degil, aym1 zamanda tesis ici lojistik siireglerinde de
otomasyon ihtiyacin1 artirmaktadir. Tiirkiye Cumhuriyeti Ticaret
Bakanligi'nin E-Ticaretin GOriintimii raporuna gore, Tiirkiye’de e-
ticaret hacmi 2023 yilinda bir onceki yila gore 5,15 artarak 1,85
trilyon Tiirk lirasina ulagmistir. Islem sayis1 ise ,25'lik bir artigla
5,87 milyar adet olarak kaydedilmistir. Ayni rapor, 2024 yilinda e-
ticaret hacminin 3,4 trilyon Tiirk lirasina, islem sayisinin ise 6,67
milyar adede ulasacagini ongdrmektedir. Depo operasyonlarinin
karmasiklig1 bu biiytime ile birlikte degerlendirildiginde, lojistik
sektoriinde daha etkin depolama yoOntemlerine, hizli {iriin
teslimatina ve yenilikgi ¢oziimlere olan ihtiya¢ kaginilmaz hale
gelmistir.  Modern depo yoOnetiminde verimlilik, hiz ve
sirdiiriilebilirlik  saglamak gelistirilen  yenilikgi
sistemlerden biri de Robotik Kompakt Depolama ve Geri Alma
(RKD/G) sistemleridir. RKD/G sistemleri, yogun depolama
gereksinimlerini karsilamak ve operasyonel siiregleri optimize
etmek tlizere tasarlanmistir. Bu sistemler, kutularin {ist tiste
istiflendigi koridorsuz kafes yapili bir depo modeli temelinde
calisir ve kontroldr, is istasyonlari, robotlar, kutular ile depo
yonetim sistemi gibi bilesenlerden olusur. Robotlar, {irtinlerin

amaciyla

bulundugu kutular1 yatay ve dikey hareketlerle tasiyabilir.
Yiizeyde x ve y eksenlerinde hareket eden robotlar, z ekseninde
hedeflenen kutuya erismek igin oncelikle iistteki diger kutular:
ylizeye birakir ve ardindan hedef kutuyu is istasyonlarina tagsir.
Bu sistemler, operasyonel verimliligi artirmanin yani sira dogru
bir tasarimla enerji tasarrufu saglamada da onemli rol
oynayabilirler. Bu c¢alismada, RKD/G sistemlerinde enerji
tilkketiminin minimize edilmesine yonelik enerji tiiketimi ve
rejeneratif enerji kazanciyla ilgili denklemler gelistirilmistir.

Robotik, kompakt, depolama ve geri alma sistemi, enerji verimliligi,
matematiksel modelleme.




A Mathematical Model Proposal for Energy Efficiency of An Innovative Warehouse System

Abstract

The rapid growth of the e-commerce sector has increased the need
for automation not only across the entire supply chain but also
within intra-logistics processes. According to the E-Commerce
Outlook report by the Ministry of Trade of the Republic of
Tiirkiye, the e-commerce volume in Tiirkiye grew by 115.15% in
2023 compared to the previous year, reaching 1.85 trillion Turkish
liras. The number of transactions also increased by 22.25%,
amounting to 5.87 billion. The same report forecasts that in 2024,
the e-commerce volume will reach 3.4 trillion Turkish liras, while
the number of transactions is expected to rise to 6.67 billion.
Considering the complexity of warehouse operations alongside
this growth, the need for more efficient storage methods, faster
product delivery, and innovative solutions in the logistics sector
has become inevitable. One of the innovative systems developed
to ensure efficiency, speed, and sustainability in modern
warehouse management is the Robotic Compact Storage and
Retrieval (RCS/R) system. RCS/R systems are designed to meet
high-density storage requirements and optimize operational
processes. These systems operate on a corridor-free grid-based
warehouse model where boxes are stacked on top of each other
and consist of components such as controllers, workstations,
robots, boxes, and warehouse management systems. Robots can
transport boxes containing products through horizontal and
vertical movements. Robots moving on the x and y axes on the
surface first relocate the boxes above the target box to the surface
to access the target box on the z-axis and then transport the target
box to the workstations. In addition to enhancing operational
efficiency, these systems also play a significant role in achieving
energy savings when appropriately designed. In this study,
equations related to energy consumption and regenerative energy
recovery were developed to minimize energy consumption in
RCS/R systems.

Keywords: Robotics, compact, storage and retrieval system, energy efficiency,
mathematical modeling.
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