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The Global Components Project has been making consistent progress on its research agenda.  An initial round of interviews was conducted in the fall of 2006 and the Spring of 2007 in the US and Europe with both customer and supplier companies.  The aim in these interviews  was 1.) to discuss firm’s understanding of the current international division of labor in component manufacturing;   and 2.) to get contacts from firms for producers in lower wage regions.  

The interviews were successful on both of these dimensions.  The bulk of this report elaborates what we have found so far regarding the first question.  Regarding the second, we found that firms were remarkably forthcoming with contacts and help regarding their connections and operations in lower wage regions.  They seem to want to encourage independent inquiry because they are themselves still trying to figure out what exactly is going on  and, more importantly, what the strategic implications of all the activity in those regions are for their own prospects. As a result of our first round of interviews in the Spring and Summer of 2007, we were given contacts to both independent suppliers in China, Poland, Hungary and Slovakia, and  to plant managers in MNC operated factories in those regions. We made two trips to eastern Europe (one to Poland and one to Hungary & Slovakia) and one trip to China in the late summer and early fall of 2007. Interviews in both high and low wage regions have been snowballing.  We have a full slate of interviews in both kinds of regions already set up for this fall and winter (2007).  Additional trips to China and eastern Europe are planned for the Winter of 2007/2008 and the Spring and Summer of 2008.

We have also targeted policy actors as interview targets in order to be able to understand the kinds of experiments, particularly in high wage regions, that are underway to try and bolster the competitiveness of high wage region producers.  Here we have made important connections in both Wisconsin and Illinois in the US and in two component producer  cluster regions in Germany,  Wuppertal and Heilbronn/Neckarsulm.  Josh Whitford is currently in Italy and is also working on making ties in this area.  The aim here is to get a comparative sense of the range of policy efforts that are being made to help component producers compete in the international marketplace.

All told, we have conducted approximately 50 interviews to date.  Our hope is to be able to more than double that by the end of next year.

Substantive Findings as of October 15, 2007

Our interviews have generated interesting initial impressions of emergent structures in the international component production division of labor in three distinct areas: 

a.) Changes in the organization of work and the use of technology;  

b.) Changes in the way that multinational suppliers organize and allocate production and competence across their international operations;  and 

c.)  Changes in the boundaries and global strategies of small and medium sized component producers in high wage regions.

The internationalization of component production is animated by two dynamics.  Though distinct, it is apparent that the dynamics interpenetrate and that interpenetration has very significant effects.  But it is important to notice that there are two separate dynamics for off-shoring animating supplier strategies. 

One dynamic is the increasing cost pressure that customers and suppliers are under in high wage region markets.  Firms are constantly forced to reduce their costs, even as they maintain or even improve the quality and sophistication of their product.  These often contradictory pressures have driven the trend toward vertical disintegration in production (firms focus on core competences and rely on specialists for everything else), and they are now pushing production overseas.  Increasingly customer and supplier firms (all along the supply chain) seek to establish production operations in lower wage environments to relieve cost pressure in their product palettes.   In this way, production in low wage environments for delivery to customers back in high wage regions can be understood as a kind of pressure release valve or, in German, a Ventile.

The other dynamic driving the off-shoring of production involves supplier firms either voluntarily or by request following their customers into lower wage off shore markets.  Customer firms go to off shore markets both to relieve cost pressure and to be able to gain access to foreign markets.  Suppliers follow the customers to these production locations in order to be able to retain the customer.  Another customer driven pressure on suppliers is that increasingly customers insist that their suppliers have production capacity in off shore markets regardless of their local cost structures.  Customers want the flexibility that more global suppliers provide them with.

On their own, these two dynamics generate considerable complexity in the division of labor in the supply chain between high and low wage regions.  Their interaction makes things even more complex, but also very surprising, and even counter-intuitive,  in many respects.  Production seems to be becoming both more sophisticated in lower wage environments and more secure in high wage ones.  This can be seen quite clearly in each of the three areas mentioned above.

A.) Changes in the organization of work and the use of technology
In most cases, the initial impulse in off shoring was to transfer production processes, as they were organized and constituted in the high wage regions, to lower wage regions.  This inevitably provided a cost savings because the wage component was lower.  As time has gone on, however, many firms have begun to reconsider this move. Interestingly, this reconsideration has impacted not only the organization of production in low wage regions. Production organization in high wage regions has begun to be affected as well.

The most notable thing about the production processes that were initially transferred from high wage regions is that they were highly capital intensive with significant degrees of automation.  For years in high wage regions, firms had been designing production processes to reduce high cost labor inputs and increase productivity.  In most cases this had the effect of eliminating less skilled operator labor and replacing it with much more highly skilled and integrated “system operator” types of workers.  The skill and compensation of workers who remained after automation was higher, but their numbers were much lower, so there was a net gain from automation for producers in high wage regions.  In addition, many producers (and their customers) grew convinced that quality in production could be maintained more effectively and consistently with automation.  Human monitoring was regarded as unreliable.

The quality issue was a very significant factor in the desire on the part of firms to shift production processes to off shore locations with the same levels of automation that they had in the high wage regions. But as experience in the low wage environments began to accumulate, and as those markets themselves began to develop, it became clear that a reduction of the levels of automation in the low wage areas could have significant advantages.  First, it could reduce costs in those regions even more dramatically, as the high capital costs of automation could be eliminated.  Low cost labor could be used more plentifully without exceeding the cost that investment in expensive automation would involve.  Secondly, the reduction of automation, especially in assembly processes, created greater flexibility in production.  Firms could more readily change and rearrange work and mix their orders more quickly when all it required was the re-allocation of labor.  Quick changes in the sequencing of orders or in the size of production runs could not be as easily achieved with highly automated processes.  De-automated processes in the lower wage contexts, in other words, could prove to be efficient at both large volume production and in more variegated batch production, and in shifting from one large volume job to another. 

Finally, once firms began to experiment with the deconstruction of automation, it became clear that it was possible to allay many of the quality concerns that customers had regarding higher levels of human input.  On the one hand, this was because it was possible,  directly deploying or selectively adapting lean production techniques, to create whole process monitoring systems to identify quality problems as they were emerging.  This involved, to be sure, some upgrading of the labor input—monitoring is most effective when it is done immediately in the production process, and workers must be trained highly enough to be able to understand the character of manufacture and work flow that they are governing. Yet even with such worker upgrading costs and the devolution of responsibility for quality to the shop floor, firms found that they were not only able to attain the same quality levels that the earlier automated processes had routinely achieved, they were even able to exceed them.  And this with significant gains in flexibility.

On the other hand, the process of de-constructing the automated processes forced firms to pay closer attention to distinguish between the kinds of automation that were necessary for quality  and those kinds of automation that were primarily in place to eliminate labor cost.  In many cases (though not in all) it was revealed that automation systems in place in direct machining and in highly complex forms of assembly were indispensable for the achievement of desired quality levels. Multi-axial machining processes performed by CNC machining centers, for example, cannot be “de-automated” and returned to a series of manual procedures because the automated process allows for speeds of machining that are physically impossible with manual equipment.  Similarly, assembly operations involving plastic inlays in machined metal parts in which heat expansion is a crucial dimension for achieving air tightness cannot be performed by hand.  Engineering advances have simply made it possible to produce types of products that would not be possible to produce without them.   But there are many parts of any production process in which this kind of indispensable technical input is not in play.  Transfer and many assembly operations, in particular, can readily be performed by hand without any loss (and even gains) in quality. 

De-automation of production in offshore low wage contexts constitutes a kind of “ah hah” moment for off-shoring firms.  They discovered a series of organizational and technical possibilities for the organization of even very high volume production that they had not been able to see in the high wage contexts.  There is still a great deal of experimentation about this “de-automation”.  Firms are trying to determine, through close technical analysis and trial and error, what the possibilities and limits of automation actually are.  In some cases, this has resulted in radical de-automation; in other cases less radical.  The process is further complicated by customer mistrust of  human labor in production—suppliers are often prevented from implementing organizational and technical changes in production that they believe will save their customer money because the customer does not believe that the changes will be possible at reliable levels of quality.  This is a very real time set of conflicts and exchange between suppliers and customers in off shore locations today.

But the surprising thing is that it is already becoming clear to many producers that the gains in flexibility that their off shore operations have achieved through de-automation can actually be implemented within their own factories in high wage regions.  Despite an increase in labor input, firms believe they can make the de-automated systems work profitably in the high wage market for two reasons.  First, by deconstructing the highly integrated automated production lines, the demand for extremely highly skilled and highly compensated “system regulator”  workers can be strongly reduced.  The more numerous labor inputs are more skilled than traditional Taylorized assembly line workers, but they are significantly less skilled, and much less grandly compensated,  than the technicians that maintained highly automated production lines.  Even if the wage bill increases slightly with the addition of more numerous, yet less well compensated workers, there are still savings because the firm spares significant capital investment in expensive automation equipment.  Second, de-automated production processes are advantageous because they are more flexible and can deal more efficiently with increasing product variety and the fragmentation of production runs that results.  Highly automated production processes, even with high levels of re-programmability, are most profitably run in large series production that lasts for several years.  In many areas, firms no longer have this kind of luxury.

This trend toward the introduction into high wage contexts of de-automated production processes developed in the low wage contexts is remarkable and new.  But one should be careful not to exaggerate the trend.  There are still many products within the factories of suppliers and their customers in high wage markets that can still very profitably and reliably be run with high levels of automation governed by highly skilled and highly compensated system regulators.  What we observed in our interviews and what managers tell us is that de-automation is not going to replace automation (and less skilled workers highly skilled system regulators).  Rather, plants in high wage regions are increasingly becoming heterogeneous, with different individual production processes requiring distinct kinds of labor power input, with distinctly appropriate compensation schemes and forms of work organization.

B.) Changes in the way that multinational suppliers organize and allocate production and competence across their international operations
In the face of the two pressures for off-shoring noted above (cost ventilation & following the customer), Multinational Component Suppliers have undertaken a sequence of steps to shift production capacity off shore and develop mechanisms to allocate and govern production across its global capacity.  What emerges as interesting in this is that multiple strategies for production location and allocation are overlain like lamina or scrim on the same set of production locations.  Multiple logics are at work within single plants.  This is remarkably true of the off shore plants that we visited. But it is increasingly true of the high wage region plants that continue to play important roles in the MNC component producer strategy.

As a first conceptual and actual step, suppliers shifted their most mature and lowest tech operations to off shore locations, while retaining their new and active contracts, as well as their more complex, actively-design-intensive and most valuable production at home.  In this case, older, comparatively  low tech high volume work was off shored, while high tech low and high volume work was kept in high wage home regions.   This kind of off-shoring allowed companies to retain production of their lower end and  end of the product life cycle products. It lowered costs and protected weakening but still existent value streams from lower cost competitors. High wage region production was characterized by a systematic mutually beneficial integration between development and manufacturing.  Off shored product was distinguished by the exhaustion of that recursive relationship.

In most cases, this initial arrangement has become impractical both because cost pressures on the firm have been relentless and because customers increasingly insist that new products be at least partially produced in off shore low wage environments.  As a result, firms are shifting existing competitive and new production capacity to lower wage environments in order to retain business with their customers.  Having an “outlet” in a lower wage region provides the producer with the ability to bundle bids on an array of jobs with a single producer, some of which it can produce in a high wage region and some in a low wage region.  The low wage component can make the overall bid lower and hence more competitive.  This is true even though the development and design work continues to be done in the developed region.

But this then makes it necessary to figure out how to shift contemporary product and the production equipment needed to produce it to low wage locations. How to preserve the benefits of a close relationship between development and production, without incurring the extra cost and considerable uncertainty of having to shift all of development to the low wage region as well?  

This dilemma has given rise to a new division of labor between high and low wage regions.  Product design and initial ramp up production development of a product are done in high wage contexts, along with especially high value added production runs that can be efficiently automated or that have lower volumes but more value content.  Once the large series process is up and running (6 months/1 year), it is then transplanted to the low wage location.  Bids based on cost projections that incorporate the initial development cost and low wage high series cost are more competitive than those that use high wage region cost structures exclusively.  

In this way, low wage production facilities become the receptacles of current product as well as of modern up-to- date production technology.  Increasingly,  the machinery park in the low wage location and that in the high wage location are converging.  As indicated above, this is true even as the trend toward de-automation gathers pace, as de-automation is occurring in both high and low wage production locations.

The key divider in this division of labor is the location of development and design capacity.  This is located in high wage regions because firms believe that there is leverage there in the concentration of engineering know how and in the experience with the recursive integration of development and manufacture.  There has been significant restructuring  of this competence, however.   Firms are increasingly locating competence for the development of specific products in particular plants, so that firms with multiple product divisions, will concentrate specific product development capability in specific high wage region locations.  Such newly specialized locations are called “lead plants” or “centers of competence”.  Lead plants assume responsibility for developing the new generation of product and production technology (ramp up). They also have responsibility for transferring the new product and production equipment capability to all the low wage production locations that the MNC supplier operates.  They send know how and provide on going consulting to these plants to help them get up to speed on the new processes and products.  

On the whole, this division of labor places production capability in the low wage region, while retaining development and production, in an integrated way, in more specialized  high wage works. But there is slippage here—and the slippage is necessary (functional).  Transferring new products and processes involves, among other things, training offshore engineers in the lead plant’s own special competence in order to enable those engineers to optimize the new process in the offshore location. The existence of a competent and increasingly experienced corps of  engineers in low wage production locations also makes the process of “handing off” production more efficient and allows for its optimization in the future.  It is difficult for firms to maintain completely “headless” or “know how-less” production only facilities. Some development capacity is indispensable for the smooth operation of production.

Finally, in most cases, multiple “lead plants” in high wage regions maintain relations with the same off shore production facility.  Low wage production facilities are as a result, remarkably diversified, with an array of product running through the facility that in high wage locations is increasingly being produced—at least initially—in very separate locations.  In this way, benefits of diversity in production that used to be characteristic of high wage region plants—synergistic economies in seemingly unrelated operations, possibilities for using manufacturing techniques developed in one process in the manufacture of a wholly different product, etc—are now preserved and concentrated in low wage locations.  This becomes complicated, as we will see immediately, as production locations in both high and low wage environments become overlain with additional allocation and development logics. 

The division of labor between high wage “lead plants” with integrated development/production and  modern low wage “high volume production” locations is one important trend defining contemporary global component supply chains.   It is not, however,  the only logic at work in the way in which manufacturing and competence is distributed among plants.   In addition to the logic of cost reduction, the allocation of production capacity within a multi-product and multi-plant firm is also driven by proximity to customers.  In many cases, customers prefer to have product delivered to their own production facilities from plants that are near by.  They will accept (even require) some components from distant (low cost) locations, but they also want things made close by to avoid logistical disruptions.  This  is true of customer plants in high wage regions and of customer plants in low wage regions (e.g. auto assemblers in Slovakia or China).  Customers want suppliers near by.  Hence,  supplier firms find that they need to allocate some production capacity for nearly all of their products across all of their plants in the vicinity of customers.  The more variety there is in production, and hence the smaller production series are and the more they change, the more this proximity issue is important for customers.  Quick delivery of precise quantities within specific time frames is desired.  

The result of this is that multiple global divisions of labor are cast like lamina over the global allocation of plant locations within a multinational.  Low wage production locations  are allocated high volume work, increasingly (but not entirely) de-automated to accommodate the multiplicity of product variations, across a broad spectrum of the mother firms product palette.  Low wage plants tend to be highly diversified.  And, due to customer demands for local supply, they also tend to be slightly heterogeneous in their production capacity—in addition to high volume work, they also have the capacity to provide shorter series work and accommodate special requests on the part of the customer.  The development capacity that such firms acquire in order to facilitate the hand-off of manufacturing operations from  the high wage region, becomes extremely valuable when the location finds that it needs to adapt additional product to local customer needs.

Similarly, high wage locations tend to be specialized by development capability—they are organized into various lead plants.  Each lead plant, at a minimum, has the capacity to develop and ramp up to volume production a specific product or range of product within the firm.  Development and production is highly integrated in such plants, and they are able to engage in experimental, proto-type production as well as very small series, customized and batch type operations.  They also run high-volume, highly automated production, where the automation plays a highly significant role in the creation of product value.  

At the same time, such works, in unsystematic ways, can retain a degree of diversification in areas away from their core competence in order to accommodate customer demands for the full palette of component technologies locally.  In this way, parts of their plants are in effect allocated to other lead plants and are supervised and serviced by the engineers and developers in those plants. Lead plants in high wage regions, despite extensive off shoring and the concentration of core competences, are actually becoming remarkably diversified in order to accommodate the contradictory and unpredictable demands of new product introduction, fluctuating series size and customer demands.  There are limits to this—wholly different products in different divisions of a large firm are not produced in lead plants.  But varieties of within division product (types of pistons, for e.g.), as well as some related product, will be produced in lead plants focused “primarily” on the development and manufacture of a particular product line.

The image that emerges out of this description of the interaction of two different logics of global production allocation is of a global system as a delicate balancing game in which  efforts to concentrate technological competence in particular plants, the desire for continuous cost reduction, the need to maximize production runs while accommodating increasing product variation, and  the need to accommodate often contradictory customer pressures (produce offshore & produce locally) are all constantly in play and brought into different constellations.

This model was shown to us by several different MNC suppliers:
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Each Lead plant services each of the production locations with know how and technology on how to produce its core competence.  Each production location is serviced by more than one lead plant.  Lead plants, within limits,  can be serviced by other lead plants.

Competence is concentrated, yet it inevitably bleeds out.  Capacity is allocated and re-allocated, separated and combined.  The major difference between high and low wage locations is that high wage locations have larger concentrations of developmental competence and deeper integration between development and production in particular specialized areas.  But both sorts of locations have integration between development and production; and both exist in receiver relations with other works with greater competence.  As development competence bleeds out into developing production locations, it is not inconceivable that high wage locations will receive know how from low wage locations for production areas that are not part of the high wage core competence.  Even now, at the level of capacity allocation, it is not unprecedented for a high wage work to receive some capacity balancing production from  a low wage work that is running at full capacity and is unable to completely fulfill all of a customer’s order.

C. Changes in the boundaries and global strategies of small and medium sized component producers in high wage regions

The above global logic in the division of labor occurs inside of relatively large multinational component suppliers.  We have also spent considerable time interviewing small and medium sized component suppliers (SMEs), seeking to understand how they are coping with the same sorts of pressures that have created the above dynamics in MNCs.   SMEs have sought to relieve cost pressure by either establishing directly production facilities or engaging in partnerships with producers in low wage environments.  They have also followed their customers into low wage markets.  But because the resource base of SMEs is so much smaller, engaging in both sorts of activities has in many cases resulted in interesting (and innovative)forms of cooperation among SMEs.

In many cases, SMEs seek to relieve cost pressure in their home high wage markets by establishing their own production facilities in low wage markets.  In most cases that we have encountered to date, such moves resemble the initial efforts on the part of MNCs described above:  Firms establish production facilities to produce the simplest, oldest and lowest value added parts of their product palette, in order to have them continue to be profitable.  Such moves lower the overall costs within the firm and make it possible, through bundling low and higher cost parts, to make lower overall bids to their customers.  There are also many examples of firms setting up arrangements of this kind in order to accommodate customer demands that they have some production facilities in low wage regions.  Contracts increasingly are contingent on the possession of this option.

Finding appropriate partners in low wage environments is not easy, and  SMEs often use network ties that they have with larger customer firms to identify attractive potential low wage producers.  Sometimes, SMEs will hire foreign nationals who know the terrain in their home country and who can help set up and manage the off shore location and the problems of sequencing and capacity allocation that emerge between the home facility and the one off shore.  Interestingly, in China, we found that there are a wide array of firms that specialize in matching high wage SMEs with appropriate and reliable producers in China.  Such matchmaking firms guarantee the high wage region SME that the Chinese producers they identify will be able to reliably produce at the quality standards the customers of high wage region SMEs require.   Matchmakers often have their own engineering staff and provide SMEs locally with development services, usually involving identifying how to translate quality systems from one region into another. 

SMEs are much more severely challenged when it comes to the second driver for off shoring: following the customer into low wage markets.  Here the SME often simply lacks the financial leverage to establish the kinds of higher volume production facilities in offshore environments that their mostly large MNC customers require.  In order to accomplish this kind of move, SMEs often seek out partners.  This can involve outright merger between firms. But in a surprising array of cases, the cooperation has taken very interesting alternative forms.   

Take the example of the strategy pursued by a small German family owned manufacturer of industrial springs.  The company has been a specialist spring producer for over 120 years.  Two years ago, the company “became part of” a larger group of spring and stamped metal parts producers—all of whom are small and medium sized, specialist family owned producers.  The family owns a proportional interest in the group (which is not constituted as a joint stock company), and participates with the other families in the development of overall group strategy.  The formation of the group has resulted in an internal rationalization of production capacity and competence among group members.  Each of the incoming firms had a broad array of product that they produced, many of which overlapped with the products of other members.  Group members did a self analysis to determine where the strengths in development and production for each product lay within the group, and then allocated competence and machinery to that location—shifting other less relevant machinery out of the location to other more appropriate locations within the group.  Exchange of information and experience among group members is ongoing and systematic.  The group tries to optimize the specialties within itself on an ongoing basis

In effect, this process has resulted in the creation of a  “lead plant” system very similar to the one described above that is emerging in larger MNC component suppliers.  The lead plants service jointly established production locations in off shore regions—Czech Republic, China, the USA and Latin America.   Each of those production locations produces the complete range of product offered by the group. As a result, the off shore locations are far more diversified production facilities than the high wage region lead plants.

In order to understand the logic of this group formation process, it will be useful to outline the steps that one of the member firms within the above German group went through in deciding to become part of the group.  The owner of family firm GS told us that  there were three reasons, all having to do with the need to globalize,  that pushed GS in to the KL group:

1.) GS had the opportunity to bid on orders for work in China—it had the work already in Germany/Europe. But without its own production facility in China it would never have been able to get the work.  It could not realistically build a production facility in China by itself

2.) The series sizes for the few parts in the Chinese orders were twice or three times as large as GS’s yearly production for all of its orders.  Ordering the steel and raw materials for this kind of production, much less devoting production capacity to it, was beyond its resources

3.) Dealing with raw materials in that magnitude involved a level of security financing that no bank would provide to a tiny company like GS (the company had 40 employees when it joined the KL group)

By joining the KL group, the company got leverage on all of these issues.  KL is essentially a specialization cartel of spring producers and precision metal stampers.  They function as a globalization cartel as well in that they provide production and financing leverage to one another at the same time that they are able to exchange technical know how as well as customer and market know how.

There are several examples of this type of cooperation within the SME sector in Germany.  We are also following leads on this kind of strategic behavior in the Italian case.  Intriguingly, our interviews in China with the matchmaking firms discussed above, suggest that SME American firms, primarily third tier specialists, are also considering this kind of cooperation in China.  It is unclear, however, if the Americans will have the kind of legal forms available to them that will permit the construction of a joint property form that permits the ownership stake of the individual family owners to continue to exist, as is the case in the German example.

