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A B S T R A C T   

The short raw milk lifespan is a matter of concern for the dairy processing sector. It is crucial to the final product 
quality to ensure that raw milk will reach the cooling facility without undue delay while maintaining high 
hygienic standards. However, an effective milk reception is undermined by numerous internal and external 
challenges due to the complexity of the dairy manufacturing system and the stochastic variation of the milk 
supply chain. This work presents an industrial case study where the milk reception performance was examined, 
and opportunities for improvement were identified. The output provided operational documentation of each 
stage of milk reception. The outcomes illustrate that existing infrastructure and operations were not set up to 
manage a post-quota abolition uptake in milk production. A number of shortcomings and challenges were 
outlined, namely process bottlenecks, inefficient design of the facility layout, lack of standardized procedures, 
and internal-communication issues. Recommendations for improvements have been provided to achieve a 23.4% 
reduction of process lead time. These findings provide an opportunity for the industry to review their milk 
reception operations to deal with stochastic variations in milk supply and seasonality.   

1. Introduction 

Dairy processing in Ireland is underpinned by traditional grass-based 
livestock systems, which results in a seasonal peak of milk supply and 
composition (Breathnach, 2000; Zacharski et al., 2018). Ireland has the 
most extended growing season among important dairy production lo
cations in Europe (Virkajärvi et al., 2015, pp. 51–66), resulting in 
increased autumn and summer grass yields. Moreover, the results of 
model simulations from the Intergovernmental Panel on Climate Change 
(A1B scenario, the ensemble of downscaled Global Climate Models), 
show that Ireland will face an increase in potential dairy production by 
the end of the 21st century (Kovats et al., 2014; Nakicenovic et al., 
2000). Furthermore, the long term outlook for the dairy sector shows 
that global demand is expected to grow by 2.5% per annum (McMahon 
& Cronin, 2017). After the removal of the European Union (EU) milk 
quotas in April 2015, Ireland has a comparative advantage in milk 
production among European countries. Notwithstanding, Irish dairy 
manufacturers compete for clients nationally with one another and 

internationally with dairy exporting countries, including Denmark, the 
Netherlands and New Zealand. To stay competitive in a continually 
changing global market and to manage a drastic uptake in milk pro
duction, dairy manufacturers need to improve their manufacturing 
processes and increase overall cost-effectiveness (Burke et al., 2017; 
Zacharski et al., 2018). 

Due to the perishable nature of raw milk and its short lifespan, the 
dairy industry is interested in ensuring that raw milk will be processed 
without undue delay. However, milk supply chain coordination may be 
challenging, especially if milk collection and transportation depends on 
the performance of independent haulage contractors (Eccher & Ger
aghty, 2020). Therefore, optimization of milk reception operations may 
be just as important as transportation to optimize a milk supply chain 
(García-Flores et al., 2015). Maintaining optimized cooling systems and 
ensuring pumping efficiency at milk reception will allow for raw milk to 
comply with legislative requirements and uphold the cold chain until 
further processing. 

However, despite technological advancement made in the past two 
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decades in the dairy industry, there is little progress made in the milk 
reception facilities (Melvin & Baglee, 2008). Milk reception facilities 
may be deemed insignificant, as it is not uncommon to see them situated 
in remote locations or loosely attached to the side of the main processing 
plant. Nevertheless, milk reception operations face numerous internal 
and external challenges that stem from the complexity of the dairy 
manufacturing system. Production scheduling demands continuous 
readaptation and balancing between raw milk supply and downstream 
processing as a consequence of the stochastic variation of the milk 
supply chain, seasonality and perishability of the raw milk (Eccher & 
Geraghty, 2020). 

For the above reasons, this study aims to examine the operational 
efficiency and robustness of the control measures implemented in the 
milk reception facility of a select dairy processing facility and provide 
recommendations for improvement. To our knowledge, little research 
has been published, which focuses on identifying improvement oppor
tunities in operational aspects of the milk reception. Therefore, the main 
benefit of the provided recommendations is to fill the current knowledge 
gap and optimize current milk reception practices in the dairy sector. 
Deploying strategies to overcome these challenges and barriers could 
substantially increase operational efficiency and capacity to deal with 
stochastic variations in milk supply and seasonality. 

2. Materials and methods 

2.1. Study area 

A project was undertaken by the Dairy Processing Technology Centre 

(Limerick, Ireland), an industry-academic collaborative research centre 
of excellence for dairy processing research and innovation. This research 
was carried out with a participating industrial partner in a medium-sized 
dairy plant consisting of administration offices, a milk processing area, 
warehouses, an effluent plant, and on-site QC (quality control) labora
tories. Company-identifiable information was removed to preserve 
confidentiality. Fresh milk arrives at the dairy plant in insulated road 
tankers to the milk reception bay and is subsequently pasteurized and 
processed into a variety of food ingredients, e.g., milk powders, dairy 
fats, and proteins. Finished products are packed and stored on-site prior 
to dispatch. 

2.2. Data collection 

Six site visits were conducted in order to observe ongoing operations, 
inspect the equipment and collect relevant information using existing 
sources provided by the participating company, e.g., the manufacturing 
execution system (MES) and two manuals describing standard operating 
procedures (SOPs), regarding routine milk reception operations and 
milk reception tests respectively. The team responsible for milk recep
tion operations in the dairy plant, i.e., production manager, shift man
ager, weight bridge operator, four laboratory technicians, and ten 
haulers was interviewed in order to understand the real issues that 
impact the milk reception operations. The process flow is described in 
detail (supplementary material file) and visualized in a process flow 
diagram (PFD) (Fig. 1) using Microsoft Visio Professional 2016®. A 
standard template was developed using Microsoft Excel 2016® (Sup
plementary Table S1) in order to facilitate data collection. This work 

Fig. 1. The process flow diagram depicting the milk reception (MR) operations at the dairy company participating in this research. ATP, adenosine triphosphate; CIP 
(cleaning-in-place); LIMS (laboratory information management system). 
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presents results of data analysis regarding 96 instances of milk delivery, 
observed over the study time period during on-site visits to the partici
pating industry partner. The following formula (Rumsey, 2013, pp. 
184–201) has been used to determine the minimum size needed for a 
statistical sample: 

n ≥ (
z* σ

MOE
)

2 (1)  

where: n – minimum sample size σ – population standard deviation z* – 
value corresponding to desired confidence level (1.96 for a 95% confi
dence interval) MOE – desired margin of error. 

Therefore, using the sample size formula, for the margin of error 
(MOE) to be no more than ±3 min at a 95% confidence interval and the 
population standard deviation 15 min, the calculated minimum sample 
size is 91.9, rounded up to 92. 

2.3. Value stream analysis 

The value stream analysis (VSA) methods used during this research 
combine and build on approaches used by previous researchers. The 
visual mapping techniques, outlined by Rother and Shook, were adopted 
to map process activity (Rother & Shook, 2003). Drawings of a 
current-state value stream map (VSM) and a future-state VSM were 
generated with Microsoft Visio Professional 2016. Elements of the VSM 
methodology described by Martin and Osterling were applied to analyze 
the data and develop recommendations for process improvement 
(Martin & Osterling, 2007). In this publication, process time (PT), i.e., a 
sum of time needed to execute each activity (T) (Equation (2)) and lead 
time (LT), i.e., an actual time between initiation and execution of each 
activity (Equation (3)) were used to calculate the activity ratio (AR) in 
order to identify achievement that can be potentially targeted at each 
activity (Equation (4)). We used a waste time (WT), representing 
non-value adding time, in order to indicate the economic value of po
tential changes. The mean WT was determined by subtracting PT from 
LT. It is important to highlight that the volumes of delivered milk fluc
tuate significantly from tanker to tanker, significantly affecting the 
baseline timing results measured for the milk reception (MR) pump. 
Therefore, the mean LT for the MR pump was estimated by dividing the 
overall mean volume of delivered milk (n = 96) by the mean flow rate of 
the MR pump. Similarly, to determine the mean PT for the MR pump, we 
divided the overall mean volume of delivered milk (n = 96) by the mean 
flow rate of the MR pump increased by one standard deviation. 

PT =
∑n

i=1
Ti (2)  

where: 

Ti – duration of i activity, i = 1, …, n; n – number of activities.  

LT =
∑n

i=1
Ti + WTi (3)  

where: 
WTi – wasted time of i activity. 

AR= [

∑n
i=1Ti

∑n
i=1Ti + WTi

].100% (4) 

Time-related metrics outlined in the future-state VSM were calcu
lated based on the following assumptions: (i) waste time (WT) reduced 
by 50% for manual operations; (ii) queuing time eliminated; (iii) opti
mized lorry movement; and (iv) one standard deviation increase in the 
milk reception (MR) pump efficiency. 

3. Results and discussion 

3.1. Milk reception – the process flow 

The typical MR process begins when the milk lorry arrives on-site 
and weighs in at the weighbridge (Fig. 1). At the same time, data from 
the on-board computer is downloaded wirelessly to the data capture 
system that records the temperature and volumes of milk collected from 
suppliers. Milk samples in 50 mL cups collected from each supplier are 
given to a laboratory technician who also takes a sample (50 mL cup) 
from a sample tap located at the bottom of each compartment in the road 
tanker. The haulage contractor receives a detailed docket for the milk 
being delivered. The samples are tested in the laboratory for acidity, 
antibiotic residues (Charm test® for each load and Delvo test® twice a 
month for each supplier), microbiological quality (using FTIR equip
ment and at random basis resazurin-based assay) and added water. Part 
of the sample is retained in a fridge to be tested later for constituents (e. 
g., fat and protein content) and/or any other analysis as required. When 
a MR bay is available, the hauler proceeds there and couples a milk 
transfer hose connecting the road tanker with a milk pump. The hauler 
can only proceed with pumping when informed by the laboratory staff 
that the milk sample has passed its tests and the temperature of deliv
ered milk is below 10 ◦C. The hauler enters the lorry ID number on the 
pump’s control panel to start pumping. Unloaded milk is cooled below 
6 ◦C with a heat plate exchanger (HPE) while pumped into one of two 
raw milk silos (capacity 270,000 L each). 

Meanwhile, the hauler connects the CIP (cleaning-in-place) hose. 
When the milk is offloaded, the hauler chooses between a quick flush or 
full CIP wash, using spay balls within the tanker. The hauler proceeds 
with the quick flush only if the road tanker is scheduled that day for 
another milk collection, a short distance from the dairy plant. Flush time 
at 03 min and 03 s (SE = 6 s) was averaged from 25 observed instances of 
flushing. The CIP station is controlled by a programmable logic 
controller (PLC) (Alfa-Laval) and cannot be altered from lorry to lorry. It 
has pre-programmed stages on pre-rinse, caustic wash, acid wash, and 
final rinse. This CIP system is common to both CIP lines. However, the 
CIP wash time relies on the results measured by conductivity probes on 
the return flow. A small variation in the CIP wash times was observed. 
The exact programmed time of 27 min was observed 18 out of the 25 
times recorded. A CIP wash time of 26 min and 43 s (SE = 6 s) was 
averaged from 25 observed instances. Next, the hauler removes the 
cleaning hose, and the MR technician takes a sample of rinse water from 
the tanker and checks external and internal cleanliness and the condi
tion of the tanker. Each hauler is checked at least once per week, and all 
results are logged and tracked with LIMS (laboratory information 
management system). The washed lorry proceeds to the weighbridge 
and weighs out. Information from weight in and out is used to measure 
the quantity of milk delivered. 

3.2. Results of issue analysis and identification 

The detailed description of the current milk reception and the pro
cess flow diagram (PFD) was provided in the supplementary materials to 
illustrate the sequence activities, the flow of information and material 
resources. The value stream analysis was used as a way of identifying 
operational improvement projects. The current-state map (Fig. 2), il
lustrates, with a set of standard symbols, three main components: the 
physical flow of materials, the communication channels, and a process 
timeline with time-related metrics determined for each MR activity. 

The lowest activity ratio (AR) value (6.6%) occurred at a step where 
a road tanker was moving from the weight-bridge to MR bay. Other 
movements the road tankers need to take along the process stream are 
the move to a CIP (cleaning-in-place) bay and move to weight-out, are 
also characterized by low AR values (26.7% and 23.8%, respectively). 
The maximum waiting time recorded for the move to MR bay excessed 
28 min in peak times. The leading cause of the delay was a bottleneck at 
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the MR bays that were observed to operate with utilization approx. 95%, 
calculated as the time during a process step was utilised divided by the 
total time when the process step was available (King, 2017, pp. 92–99). 
This insufficient capacity caused long queues and waiting times for 
incoming haulers. Results also showed that the three pumps at the MR 
bay were not operating near their design capacity, i.e., 70,000 L per hour 
(Table 1), but at an overall average of 66%. 

Pumping efficiency can be affected by several factors, e.g., insuffi
cient power supply; backpressure variations associated with the volume 
of milk in the receiving silo; the configuration of MR facility; increase in 
friction loss from fouling on the interior surfaces of the pump and 
pipework (e.g., biofilm), and cavitation and wear on pump components 
(Gülich 2008). Moreover, the configuration of the MR facility is not 
without significance, in this case, all three MR pumps are connected to a 

single plate heat exchanger (PHE) at the heart of the raw milk cooling 
system. The temperature sensor located at the outlet of PHE regulates 
the flow rate to allow the PHE to deliver the output that it was designed 
for. Due to relatively small fluctuation in temperature of delivered milk, 
i.e., 6.2 ± 1.5 ◦C, the efficiency of the cooling system mainly depends on 
the volume of milk being cooled at a given time and the temperature of 
cooling water. Cooling water is circulated between the PHE and a 
cooling tower that rejects waste heat to the atmosphere. The variability 
of heat transfer depends mainly on ambient air temperature and hu
midity. This creates disadvantageous conditions during the summertime 
when increased volumes of delivered milk and atmospheric conditions 
impact cooling tower efficiency. As a result, the flow rate is substantially 
limited during the full season. 

Another factor causing delays at the MR bays was the inefficient 
layout of the MR yard, which was especially evident during peak times. 
Due to inconvenient access, challenging and time-consuming maneuvers 
were necessary to align the tanker with the MR bay. This is a common 
problem for older dairy plants, initially designed for less volume. 
Furthermore, the current layout design makes one of the CIP pumps 
unavailable while the adjacent MR pump is in use. Additionally, it was 
observed that haulers were standing idly in MR bay while waiting for the 
results of quality control testing. However, testing lead time (LT 3 min 
and 9 s) did not exceed the combined time needed to move the lorry 
from weight-bridge into MR bay (LT 7 min and 36 s) and to set up MR 

Fig. 2. The current-state value stream map for milk reception (MR) and cleaning in place (CIP) operations. PT, process time; WT, waste time, LT, lead time; AR, 
activity ratio. 

Table 1 
The average flow rates across the milk reception pumps used by the company 
participating in the research.  

Milk Reception Pump All Pump 1 Pump 2 Pump 3 

Theoretical Capacity (L/h) 70,000 70,000 70,000 70,000 
Average Flow Rate (L/h) 45,659 46,743 46,209 43,733 
Standard Error 954.0 1839.5 1431.6 1733.7 
Number of lorries 96 31 37 28  
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hose (LT 3 min and 26 s). Nevertheless, it was measured that the haulers 
were waiting for test results up to 5 min 14 s (on average 1 min 56 s) due 
to laboratory staff being busy with collecting and analyzing other 
samples and/or not fully aware that the hauler is already waiting for the 
test results in the MR bay. 

In this research, the wait-time (WT) of setup operations constitute 
17.6% of the total WT. This significant time wastage occurred due to 
poor process control and lack of direct supervision of the MR operations. 
Haulers own the truck and are employed as independent contractors to 
haul the tanker owned by the company. As a result, haulers have the 
freedom to control how they decide to accomplish the deliverables 
agreed upon in their contract. As a result, the pace of work and working 
routine vary significantly between the haulers leading to higher vari
ability of the MR process. 

A further implication of the supply chain relying on independent 
hauling contractors is stochastic milk supply variation. Independent 
haulers can profit from the volume of delivered milk; however, they 
remain flexible with their schedules and collection route planning. 
There is no sufficient mechanism in place to synchronize milk supply 
deliveries with downstream processing demands. Therefore, the pro
duction schedule must be dynamically readapted on a daily basis to 
consider the current volume of milk in the bulk storage, volume and 
frequency of milk being supplied, maximum equipment running time, 
CIP schedule and downstream capacities (Eccher & Geraghty, 2020). 

3.3. Process optimization refiguring 

Results outlined in the future-state VSM demonstrate that the overall 
activity ratio (AR) can be increased by 23.4% (from AR = 69.7% to AR 
= 93.1%, Figs. 2 and 3 respectively) with time savings equal to almost 
19 min per lorry (from LT = 1 h 13 min 49 s to PT = 54 min 53 s, Figs. 2 
and 3 respectively). This overall time saved during the day provides an 
opportunity to elevate current hauling sanitation and milk reception 
operations to maintain optimum milk micro-biological quality, e.g., by 
increasing hygiene focus through effective manual cleaning and CIP 
treatments (Darchuk et al., 2015; Kuhn et al., 2018). In the following 
section, we provided a discussion on identified issues and suggested 
corrective actions towards the realization of time-efficient and 
hygienic-oriented operations. 

Managing independent contractors is significantly different from 
supervising a workforce of traditional employees. However, natural 
variation in process efficiency occurs without standardized procedures 
in place (Mostafa et al., 2013). Several research papers showed a sig
nificant correlation between setup time reduction and shorter lead time 
(Agus and Shukri Hajinoor 2012; Ghosh, 2012; Panwar et al., 2015). 
Rahani and Al-Ashraf (2012) showed in a case-study that the imple
mentation of standard operational procedures (SOPs) is an effective 
method for optimizing manual operations, which leads to the reduction 
of time at 16.9% compared to an original routine (Rahani & Al-Ashraf, 

Fig. 3. The future-state value stream map for the milk reception (MR) and cleaning in place (CIP) operations. PT, process time; WT, waste time, LT, lead time; AR, 
activity ratio. 
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2012). These results are in accordance with our estimated time savings 
for manual operations at 17.6%. In order to achieve these gains, it is 
necessary to implement SOPs for haulers. This can take the form of a 
scope of work (SOW) or written contract that details the procedure and 
timeframe to be followed, including steps in any further change man
agement process. If the hauler’s poor conduct or performance persists, 
the company should consider taking formal disciplinary action. 
Furthermore, it was recommended to retrain haulers on food safety 
hazards, with particular attention given to correct usage of the milk hose 
strainers. Additionally, overhead brackets may be installed to keep milk 
hoses above the ground level and self-draining at all times. Appropriate 
safety signs can be used to draw attention to the food-safety hazards. 
This, in turn, would help to ensure good hygiene practice in the milk 
reception area. 

An efficient production planning relies not only on the facility’s in
ternal manufacturing capabilities but is also heavily dependent upon a 
proactive approach to supply chain management (Gunasekaran et al., 
2004; Van der Vorst et al., 2001). Nevertheless, dairy processors cannot 
merely rely on tools based on material requirements planning due to the 
perishable nature of raw milk that needs to be collected from farmers on 
a daily basis. In response, several studies have outlined model-based 
tools to find the optimal delivery schedule for an uncertain supply 
chain within the dairy industry (Li et al., 2008; Sel & Bilgen, 2015; 
Shortle et al., 2018; Tsaples & Tarnanidis, 2017). Real-time GPS/GPRS 
based tanker tracking system facilitates and milk level sensors in tankers 
can ensure scheduling collections from individual farmers is optimized. 
Providing a consistent and predictable milk supply over the day would 
reduce or even eliminate queuing time. However, even if constrained 
with supply uncertainty typically observed in the dairy sector, produc
tion planning can be further optimized using algorithm-based tools and 
simulation models (Eccher & Geraghty, 2020). 

An optimal facility layout provides enhanced productivity that, in 
turn, leads to cost reduction (Naik & Kallurkar, 2016). Moreover, milk 
pumping should take place as quickly and hygienically as possible, thus 
the performance of the pumping and cooling systems cannot be over
looked. It was suggested that the installation of two smaller PHE units 
that may give better cooling capacity and better control than the single 
large unit. An automatic control system (ACS) integrated with the LIMS 
should be installed to remotely start the MR pump following test results 
entry to eliminate waiting time and to prevent pumping compromised 
milk into the silos. Moreover, it should be considered to install addi
tional stations for MR and CIP to increase throughput and capacity. 
Furthermore, it was recommended to redesign the layout of the milk 
reception yard to facilitate traffic flow and reduce the time haulers spent 
on-site. 

4. Conclusions 

This study has emphasized a number of obstacles to overcome by the 
dairy industry, such as process and supply chain inefficiencies, inap
propriate facility layout, lack of standardized procedures in place and 
communication issues. An approach to the practical improvement of 
current milk reception operations has been described. The outcomes 
demonstrate that considerable time and monetary savings can be real
ized by empowering frontline personnel while at the same time pursuing 
maximum operational efficiency. 
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