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Abstract: The stability of competing modern supply systems (which are rather 
networks than chains) is becoming crucial. Lean thinking led to waste 
elimination and inventory reduction alongside the chain, but in extended 
intercontinental supply networks there are uncertainties in production and 
distribution processes, and also in commercial activities. The growing need 
to accommodate variety and demand uncertainty has resulted in the 
emergence of the concept of agility, closely associated with quick response. 
Lean/agile type logistics systems have analogues in the water- and 
electricity supply. These systems were traditionally developed to follow the 
demand fluctuation with oversizing the infrastructure: water supply works 
with protective inventories at different levels (reservoirs, water towers) 
while electricity supply applies protective capacities in power generation 
(fleet of power stations with different characteristics and costs) in 
providing the security of supply on marginal parameters. The 
characteristics of different wire-supply systems request different types of 
hybridization (which will be technically possible in the near future) to 
prevent system failures. The investigation confirms the strong need for 
developing better demand-management tools (according to the real nature 
of consumption) and the importance of decoupling points in order to 
achieve an appropriate design of a given supply system. 
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1. Introduction 

The competition is shifting from firm versus firm to supply chain versus supply chain, 
and supply chain management is the approach for designing, organizing, and executing 
these activities. Supply chain management integrates suppliers, manufacturers, 
distributors, and customers through the use of information technology to meet customer 
expectations - in product variety, low cost, high quality, and fast response - efficiently 
and effectively. 

As agile paradigm is relatively new, there are different approaches in the literature, 
considering lean and agile features in cooperation (summative viewpoint) [1], in 
competition (competing strategies) [2], in contradiction (separation tools) [1], and in 
symbiosis (decoupling in system design) [3]. 
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There are general methods in the stability analysis of a supply system: the top-down or 
the bottom-up approach, the analysis of system structure and counteractions with the 
environment, the history of development, and finally failure analysis – which could be 
fruitful when analysing the reasons of oversizing in wire supply systems. The analysis 
of wire-logistics systems could be profitable for conventional logistics because these 
systems provide marginally different stabilization strategies based on pure technical 
conditions, although the daily and seasonal load curves are similar. What is also 
important that general operational parameters and data of water and electricity supply 
are published and free for analysis (these type of commodities form technical 
monopolies – there are no technically competing companies in the water supply of Győr 
and the in the Hungarian National Electricity Supply VER). 

2. Theoretic approaches of lean/agile paradigm in modern logistics 

2.1. The summative approach and a criticism of being lean and also being agile 

Outsourcing manufacture to low cost overseas suppliers is an attractive lure in our 
global economy, but often undertaken without adequate regard for the market needs and 
the corresponding demands on the associated delivery systems. Offshore supply offers 
attractive cost benefits, but there is a strong need for higher levels of inventory to 
support a slower response capability. When these higher levels of inventory are 
combined with volatile demand the trade-off is more significant, with resulting 
obsolescence and shortages. However, what is commonly assumed is that one solution 
fits all and the consequence of the mismatch is not appreciated until it is too late. 

Lean manufacturing and lean thinking have demonstrated the broad potential of the 
elimination of waste in improving business performance. The emphasis on waste 
elimination is closely associated with reduced inventory and one of the key concepts is 
enforced problem solving. The JIT management system was found to simultaneously 
improve customer service and efficiency by focusing on eliminating variation in the 
system and enabling flow. Through set-up time reduction, statistical process control, 
supplier development, total productive maintenance, etc., sources of variation internal to 
the supply chain were progressively reduced, thus reducing the need for the inventory 
previously used to protect the flow. For this design of delivery system to work well it is 
also necessary to stabilize the overall output rate and so decouple the effect of market 
demand variation. 

Agility has less clearly defined industrial origins, but has emerged as a generic term 
with distinctly aspirational tendencies. Whereas with lean the focus is on eliminating 
waste and achieving low cost delivery of a standard and stable product, the agile 
paradigm focuses on the need to deliver a variety of products with uncertain demand. In 
reality, however, there is always variation in the system due to various factors, such as 
machine failure, process adjustment, quality problems, set-up delays, etc. If we now 
acknowledge the existence of these fluctuations, not only will the disruption directly 
affect the event concerned, but more importantly, there will also be a knock-on effect 
down the line of dependency. The traditional means of overcoming this is to place 
inventory between each process, so effectively decoupling the impact of the 
fluctuations. The functions of inventory, such as cycle, decoupling, buffer, etc. can be 
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directly traced back to such system fluctuations and, in combination, to the supply chain 
amplification effects. An alternative to investing in inventory to protect the flow under 
these conditions is investing in additional capacity. This option has traditionally been 
avoided in efficiency focused volume manufacture, but excess capacity on most 
resources is an implicit feature of functional batch and cellular manufacture. 

2.2. The viewpoint of competing strategies (match LSC-SP, ASC-IP, HSC-HP) 

The lean supply chain (LSC) is supported by efforts to achieve internal manufacturing 
efficiencies and setup time reduction, which enable the economic production of small 
quantities and enhance cost reduction, profitability, and manufacturing flexibility to 
some degree. The short setup times provide internal flexibility, but a lean supply chain 
may lack external responsiveness to customer demands, which can require flexibility in 
product design, planning and scheduling, and distribution in addition to manufacturing. 
Organizations recognize that along with the added variety and responsiveness squeeze, 
they must remain adaptable to future changes. Customer requirements are continuously 
evolving and product life cycles are growing shorter, therefore, along with being lean, 
supply chains must respond to the market. Standard products (SP), which tend to be 
simple products with limited amounts of differentiation, should be produced by lean 
supply chains, which focus on simplicity, cost reduction, quality and limited amounts of 
flexibility. In this environment, the partners employ manufacturing practices that enable 
the economic production of small quantities. Small batch production allows 
manufacturers to keep inventory costs low, achieve manufacturing cost reductions, and 
meet customer demands for a variety of products. 

The agile supply chain (ASC) paradigm relates to the interface between companies and 
markets, an external perspective on flexibility. Successful implementation involves 
responding to rapidly changing and continually fragmenting global markets by being 
dynamic, context-specific, growth-oriented, flexible across the organization, and driven 
by customer. An agile supply chain focuses on responding to unpredictable market 
changes and capitalizing on them through fast delivery and lead-time flexibility. It 
deploys new technologies, methods, tools, and techniques to solve unexpected 
problems. It utilizes information systems and technologies as well as electronic data 
interchange capabilities to move information faster and make better decisions. It places 
more emphasis on organizational issues and people (knowledge systems and 
empowered employees), so decision making can be pushed down the organization. It is 
a systematic approach that integrates the business, enhances innovations across the 
company, and forms virtual organizations and production entities based on customer 
needs. Early in their product life cycle, innovative products (IP), which may employ 
new and complex technology, require an agile supply chain. 

An intermediate chain known as the hybrid supply chain (HSC) generally involves 
“assemble to order” products whose demand can be forecast with  relative accuracy. 
The chain helps to achieve mass customization by postponing product differentiation 
until final assembly. The lean or agile supply chain techniques are utilized for 
component production with different characteristics. The agility is needed to establish a 
company–market interface to understand and satisfy customer requirements by being 
responsive, adaptable, and innovative. As the market and customer expectations shifts, 
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the supply chain should make a transition from lean to agile. Hybrid products (HP), 
which are complex, have many components and participating companies in the supply 
chain. Some components may be commodities while others may be new and innovative. 

2.3. Separation tools: eliminate the contradictions (TRIZ) 

The theoretic base of investigation could be the analysis of lean and agile paradigms in 
terms of dependency, variation, inventory, and capacity. 

The focal points of the TRIZ (Theory of Inventive Problem Solving) method are trade-
offs, and several tools have been developed for solving the contradictions (identifying a 
parameter that is subject to opposite requirements, in this case being lean and agile) - if 
we could define a trade-off explicitly, there would be four generic separation principles 
which could be summarized as: 

• Separation of opposite requirements in space. 

• Separation within a whole and its parts. 

• Separation of opposite requirements in time. 

• Separation upon condition. 

2.4. Decoupling the competing expectations in system design 

As the lean and agile paradigms have been developed there has been a tendency to view 
them in progression and in isolation. There is a view that first there was a need to adopt 
the lean manufacturing paradigm and now manufacturers should strive to become agile. 
This is too simplistic a view - the lean and agile paradigms are distinctly different, and 
should have been combined within successfully designed total supply chains. The need 
for agility and leanness depend upon the total supply chain strategy, particularly by 
considering market knowledge and positioning of the decoupling point. The agile 
manufacturing paradigm is best suited to satisfying a fluctuating demand (in terms of 
volume and variety) and lean manufacturing requires, and promotes, a level schedule. 
These key differences between the two paradigms relate them to the positioning of the 
decoupling point. Agility means using market knowledge and a virtual corporation to 
exploit profitable opportunities in a volatile market place. Leanness means developing a 
value stream to eliminate all waste, including time, and to ensure a level schedule. 

Neither paradigm is better nor worse than the other, indeed they are complementary 
within the correct supply chain strategy. Once the need for agility and the position of the 
decoupling point has been identified there are further decisions to be made. The way in 
which an agile manufacturer differentiates its products from the lean manufacturer is 
through concentrating on the service levels at the expense of reducing costs. 
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Figure 1. Decoupling of lean and agile strategy 

 

3. The logistics nature of wire-supply systems 

3.1. Overview of water and electricity supply 

We could not imagine our everyday life without the absolute availability of drinking 
water and electrical energy [5], [6], [7]. 

The case of water supply gives an illustrative example of a supply chain where the 
demand fluctuation could be eliminated by constructing protective inventories (low and 
high reservoirs – basins and water towers) on different levels in the system. The wells 
(1st level) need continuous and stable pump operation to provide a balanced service. In 
the drinking-water supply system of Győr the pumps from wells (more than 30) are able 
to transmit 66 000 m3/day quantity at maximum. There are 10 900 m3 volume of basins 
(2nd level) in the system. The main pumps get the water from basins, and transmit it to 
water towers  and high reservoirs (3rd level), which have 18 700 m3 volume in Győr. 
The consumers could get the requested water from the 3rd level, with standard pressure. 
The role of water towers in the system design is rather to secure the standard pressure 
than the volume; the high reservoirs are responsible for quantities. 

In summary, the aggregated volume of daily available sources is nearly 100 000 m3, 
while the maximum daily consumption is about 10 000 m3 (decades ago the 
consumption was higher, today is about100 l/person/day, which will grow to 150 
l/person/day in the next 20 years). Water supply could provide the needs with oversizing 
at the production and the distribution side (water towers, high reservoirs, and pipes 
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also). The system load is automated by level switches, the physical flows could provide 
the system stability. 

 
Fluctuating 
demand 

Water supply - Győr Electricity supply - Hungary 

Daily profile 

 
 

Security 
of supply 

Protective inventory Protective capacity 

Quality 
of supply 

Robust distribution system 
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Agile distribution system 
(V, Hz) 

Thriftiness Lean production Portfolio optimalization 
Stability, 
Control 

Oversizing in inventory and in distribution 
system 

Oversizing in capacity and in 
distribution system 

Figure 2. The nature of water and electricity supply 

 

The case of electricity supply - which is continually growing in European countries - 
brightly illustrates that a supply chain based on protective capacity for being agile could 
fulfill  the expectations with enormous oversize in the installed generation capacity and 
also in the constructed distribution network. The electricity supply could be stable and 
balanced just with a hierarchical decision making structure and with the efforts of the 
national system operator/dispatcher centre. 

At first sight it seems that the product of a power station is the alternating current 
power, but the real product is not simply the electrical energy, but the availability of 
electrical energy, whenever the consumers need it. The main function of the electricity 
supply is to serve the consumer demand with solidly available (security of supply) and 
satisfactory (quality of supply) electrical energy (with adequate frequency and voltage), 
as low full cost as possible (thriftiness) – or recently, in accordance with the contracts 
obtained amongst the partners. 

These conditions and contradictions form the central problem of the system operator: 
integrate the portfolio of sources (the base-load, the regulated and the non-regulated 
power stations, the fluctuating renewable wind and solar energy) and switch to the 
optimal network topology, in accordance with changing demands. 
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Figure 3. Consumption and production characteristics in electricity supply 

 

From the viewpoint of conventional logistics electricity supply is a typical „pull” 
system, without significant storage possibilities at the final product (AC: alternating 
current) level. We should produce the required electrical energy from moment to 
moment, otherwise the system loses its balance, and the service breaks off – with the 
high cost of balancing energy, and enormous efforts (and cost) of restarting.  

The consumers switch on and off their devices, so the energy demand fluctuates. The 
daily load curve shows the production, lifestyle and meteorological conditions of a 
country. In normal mode the switch-on and -off operations counterbalance each other, 
and the total consumption alternates relatively slowly and at forecastable rate. The daily 
peak demand and deep valley period are relatively short – but these are the critical 
points of control range. The in-built capacity of turbines (9014MW) is significantly 
higher (136%) than the required daily maximum consumption (6602MWh). The 
standby units are the rotary (hot) and stationary (cold) turbines, the import possibilities, 
and at least the limitation of energy supply for customers (automatic frequency-
dependent limitation, dispatcher operation, voltage decrease, switch off with tone-
frequency and others). The inertia of a monumental inter-connected system is an 
advantage, the physical laws automatically solve the balancing problems – but in case of 
a failure a harmful effect could penetrate to neighbouring countries without restraint. 

There are several methods for the manipulation of demands – if we know the 
consumers, their behaviour and the whole supply chain in the function of energy and 
time. We could identify the different types of consumers: household, industry (1-2-3 
shift), trade, school, bureau, shop, lighting, heat-register unit, and others. The tariff-
system could be similar to that in telecommunication – different packages for different 
type of users (pay for availability and for usage, extra bonus for accurate behaviour, 
penalty for deviation). There are also technical applications for the manipulation of 
demands, like sound-frequency control, voltage-control (soft limitation techniques), 
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automated frequency-power control (system-saving) and dispatcher switch-off (hard 
techniques). 

3.2. Failure analysis in wire supply 

The failure analysis could be based on consumers’ sensitivity in case of a failure, which 
could be predictable (maintenance, network development activities, etc.) or 
unpredictable (broken pipes, short circuit, etc.) 

Water supply could be damaged on the production side because of environmental 
reasons (disasters), water-level limitations or infections – there are reservoirs in the 
system for managing the demands if the production lead-time is longer. There could be 
a failure in the network – the network structure could provide multi-way supply for a 
given district continuously or temporarily. The consumers could shift the needs for later, 
but the personal hygienic needs are more important than laundry. There are also 
substitute products, for example bottled water for drinking or for cooking. 

The electricity consumption is more sensitive in the function of the frequency and the 
extension of the fault (in space and in time). The needs for availability are marginally 
different for a household (candles are applicable for sufficient lighting, housework 
could wait for a minute, and the fridge can hold the appropriate temperature for food for 
a day) or for a factory (production processes need the energy, there is no substitute 
product for energy, restoration requires special efforts and additional cost, etc.) The 
growing need for ventilation and cooling for air-conditioning in non-industrial sectors 
led to serious failure events, in spite of the additional oversizing in development driven 
by these new expectations. Solving the problem with alternative production technology 
(absorption chillers instead of compressors, for using heating energy instead of 
electrical energy) and with half-complete production technology (ice-production, 
storage, extraction and use) is technically and technologically possible. 

3.3. The role of variable speed pumps in water supply 

Frequency-controlled pumps could operate with the application of inexpensive power 
electronics technology, and are able to transmit water with variable speed (without the 
fluctuation of pressure). Installing a pump (in an existing main pipe) which provides the 
needs of consumer demand fluctuation with agile characteristics could be comparable 
with installing a new water tower. This new flexible design of the distribution system 
has reserves, and the installation of expensive water tower infrastructure could happen 
according to real needs, which is another great advantage  

3.4. The role of centralized and decentralized storage in electricity supply 

The centralized production of electricity has led to the development of a complex 
system of energy production and transmission, making little use of storage (today, the 
storage capacity worldwide is the equivalent of about 90GW of a total production of 
3400 GW, or roughly 2.6%). In the pre-1980 energy context, conversion methods for 
the „storage of alternate current” were extremely costly, unreliable, or simply were not 
being used. This, along with the fact that electricity is mass-produced, transmitted, and 
used in AC, has led to the belief that electricity cannot be stored. However, high-
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performance, inexpensive power electronics able to handle very high power levels have 
changed all that. It can now be asserted that electricity can be stored - even if it is 
indirect storage - but this requires that investment and operating costs be kept to an 
acceptable level, and that the environmental issues be considered. Delocalized 
electricity production and the introduction of variable, fluctuating sources (renewable 
energy: solar, wind turbines, etc.) increase the difficulty of stabilizing the power 
network, mainly due to a supply-demand imbalance. It is therefore convenient to 
generate the energy, transmit it, convert it, and then store it if need be. More than ever 
then, the storage of electrical energy has become a necessity. But electricity is difficult 
to store, as this requires bulky, costly equipment. 

 

 

Figure 4. The role of storage in electricity supply 

 

The main functions of storage are: 

• Resource transfer: The intermediary energy obtained from electricity, through the 
transformation of a very-low-cost primary energy source utilized in regular power 
plants or an unpredictable renewable source, will be stored and utilized at an 
appropriate time as a substitute for the expensive primary power used in peak-load 
power stations, or for the „virtual energy” represented by fines that can be levied as 
a result of a breakdown in supply. 

• Network savings: Schematically, power networks are comprised of many 
generating units, various levels of transmission and distribution lines and associated 
stations and substations, and a great many consumers with wide-ranging power 
requirements. The fluctuation in demand leads to the over-dimensioning of 
production and transmission equipment, which are designed as a function of peaks 
in demand rather than average daily consumption. Storage would make it possible 
to use the existing transmission and distribution facilities for many years to come. 
The levelling of consumption at the final distribution level would help both to 
reduce the power installed and to get the most out of the existing network. 
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• Kinetic advantage: The flexibility of future storage and retrieval systems can help 
provide instant response to demand and, as a consequence, add flexibility to the 
network in terms of load levelling. Network imbalance can be caused by a 
temporary production deficit, which could possibly be predicted. The need could 
also be the result of production failures. 

The technical possibility of storing electrical energy exists, whenever and wherever they 
are needed, and in any quantity, but the storage is, and for years will be the weakest link 
of the energy domain. 

We should consider electricity and hydrogen (generated mostly with the electrolysis of 
water, from renewable power sources) as a transportation fuel in the near future. 

This could lead to oversizing electricity storing inventories (in the liberalized market 
environment), which could be a danger, because of the gambling factor (seasonal price 
fluctuation) and the missing information about different stock levels – the bullwhip 
effect is a costly phenomenon again, and a new challenge for the system operator. 

4. Identifying the harmful effects of oversizing the infrastructure 

Oversizing the infrastructure has two typical aspects, in according to the applied 
lean/agile logistics strategy. 

• Bullwhip: in the case of lean supply, where we could follow the changing customer 
demand by the use of protective inventories (like in water supply), the bullwhip-
effect can lead to stock-outs, large and expensive capacity utilization swings, lower 
quality products, and considerable production/transport on-costs as deliveries are 
ramped up and down along the supply chain. 

• Puli: The oversizing situation is similar in the case of agile supply, where we could 
follow the fluctuation by protective capacities (like in electricity supply), and we 
have no significant storage opportunities, so we have to oversize the infrastructure 
on the production (and on the storage-less distribution network) side.  

 
The main causes of 
oversizing 

Lean supply - Protective inventory 
(bullwhip effect) 

Agile supply - Protective capacity 
(“puli” effect) 

   
Forecast Error of the forecasted demand Wide gap between the forecasted 

min and max demand 
Lead time Non-zero lead-time Negligible lead-time 
Batch 
(unit size) 

Order batching The size of protective capacity units 

Necessity, shortage Shortage of spare production capacity Shortage of inventory, warehouse 
Price Price fluctuation Price of shortage and restoration 

(or just the fear of) 

Figure 5. The nature of oversizing 
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5. Conclusion 

The role of decoupling points are critical in a modern supply system to separate the lean 
and the agile areas for stable and controllable operation. There are absolute needs for 
protective inventories and for protective capacities also to overcome the expectations in 
extended supply systems near changing technical and financial environment. (There are 
efforts in modern “pure agile” logistics towards 0-inventory – which is rather a 
constraint than a feasible solution.) 

The identification of lean/agile points in space and in time is crucial, and need to be re-
engineered according to market changing and the amplification of the supply failures 
costs. 

While the inefficient use of protective inventories in a supply system could lead to the 
well-known bullwhip effect, a similar (opposite?) phenomenon appeared during the 
analysis of a system (electricity supply) operating with protective capacities. This new 
phenomenon was called “puli” effect. 

The analysis of wire-logistics systems presents the enormous efforts in oversizing 
protective inventories and capacities which – in the absence of such technical 
limitations and contradictions - should be avoided on conventional fields of logistics. 
Otherwise according to recent development of variable speed frequency-driven pumps 
(water supply) and decentralized storage possibilities (electricity supply) wire supply 
systems should be also re-engineered. 

Strategic, tactical and operational decision making have different time horizons and 
infrastructure investment costs in a supply system we should consider these before 
constructing a supply network for non-existing, latent or forecast (never incoming) 
future consumer demands. 
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