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aspect in a sector with technological leadership.
The source of invested funds has also been 
analysed (annual changes of internal and exter-
nal funds), revealing how these companies have 
been funding new investments over the last de-
cade. Depending on the economic climate, 
companies have mainly used internal funds 
(during 1997–1999), or debt (during 1994–
1996, and 2000–2003). Around the end of the 
90s, there was an intense effort to self-finance 
(borrowings at just 30 %). However, this trend 
changed and indebtedness increased (up to 75 
% in 2001; and 55 % in 2005) following the 
availability of low interest rates and also because 
of the limited amount of internal funds available 
compared to the volume of funds needed to fi-
nance expansion (Fig 1). 

3.2. Turnover, employment, and 

 overseas trade

Since 1990 there has been a significant growth 
in turnover, in the wake of the expanding ce-
ramic sector, according to data from ANF-
FECC. Industry turnover neared one thousand 
million euros in 2006, amounting to more than 
a million and a half tonnes of physical product. 
These figures reflect the global leadership of the 
Spanish sector. Sales have been directed at both 
the national ceramic industry and foreign ce-
ramic firms. At present, national sales account 
for 42 % of total sales and foreign sales for the 

aim of getting closer to clients in order to im-
prove service and reduce costs. Major Spanish 
companies now have subsidiaries in some twen-
ty countries. Among the main locations are Italy 
(6), Portugal (3) the United Kingdom (3), Brazil 
(5), Mexico (4) the United States (2), China (5), 
and Indonesia (4).
The significant investment applied to develop 
these competitive strategies requires evaluation. 
For this purpose, financial statements for the 
period 1993 to 2005 have been analyzed in an 
effort to assess the development of this invest-
ment and the profitability achieved.
Firstly, the so-called Net Investment for the in-
dustry has been studied, a statistic defined as the 
annual change in the total asset value reflected in 
the balance sheets. Figure 1 plots two variables, 
the real Net Investment (with data adjusted for 
Euro currency changes relative to 2005) and the 
ratio between this variable and the total asset 
value for the previous year. In addition, some 
trends have been delineated.
Results show that the sector has been making 
very high levels of investment. Over the last 
twelve years the average net investment has been 
around 90–100 million € per year (with a slight 
downward trend), while this proportion in com-
parison to total assets has been falling from levels 
of around 37 % in 1994 to 10 % and less from 
2001. The average over the last five years has been 
7 %. This downward trend may be a worrying 

In order to capitalize on R&D and innovation 
spending, the leading firms have developed 
strategies for organic business growth, achiev-
ing synergies by expanding the scale of activities 
to neighbouring businesses in both horizontal 
and vertical directions. In this way, these com-
panies have begun to cover the raw materials 
sector and are able to offer the following: value 
added services for client companies and a wider 
range of products (frit, glaze, colours, additives, 
etc.) for tile manufactures, paving manufactur-
ers that use various technologies, and makers of 
decorative ceramics including leware. In anoth-
er part of the value chain, companies have 
sought to control the supply of their raw materi-
als, either for themselves or for their clients, es-
pecially in mining and minerals processing (at-
omisers, zirconium, alumina, etc.), as well as 
adopting a strategy of internationalization. The 
industry has always had some international 
business with foreign clients and has long ex-
ported to countries with ceramic industries. 
The eslishment of a local presence in interna-
tional markets began in the 80s and 90s with the 
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The Spanish ceramic frit, glaze and colour indus-
try encompasses 27 companies employing nearly 
4000 staff with a total annual turnover of ap-
proximately one billion euros. These firms have 
based their growth since the 1990s on two strate-
gies, the first of which is horizontal and vertical 
growth with an emphasis on overseas expansion 
and building foreign subsidiaries – many of 
which also manufacture and offer technical con-
sultancy. The second strategy has been innova-
tion. The result of these strategies is that the in-
dustry has become a technological base for the 

entire ceramics sector and has established 
worldwide leadership. Nevertheless, productivity 
and profitability have progressively fallen. This 
paper analyses and evaluates the financial re-
sults obtained by this industry and points to the 
variables that indicate the key changes. Two ad-
ditional factors are expected to greatly impact 
the sector in Spain, i.e. a series of regulation is-
sues and an increase in competition from the 
Asian frit industry.
Keywords: glaze, ceramics, profitability, com-
petitiveness
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€/kg for the period 2000–2004 (which represents 
a decrease in constant euros). However, more 
careful analysis reveals that the average price 
actually increased (+5 %) because the reference 
mix was changed with greater weight given to 
more expensive materials. However, all individu-
al prices dropped, with the exception of glazes, 
which increased slightly (+2 %). Average falls in 
the price of other products were: frits –4 % and 
colours –7 %. The average price fell by 4 % when 
including the initial weightings of the year 2000. 
The findings show that export prices in 2006 
grew by 9 %, with glazes (+5 %) and frits 
(+ 12 %), with colours falling (–9 %). In contrast, 
raw material prices have been adverse for the 
industry. Recently, prices for natural gas and 
materials such as zinc oxide have spiralled up-
wards.

3.3 Profitability

Finally, Fig. 3 shows the development of returns 
on capital in the glaze industry. The profitability 
is compared with the preferential interest rates 
applied to companies by banks (according to 
data from the Banco de España, the Spanish 
central bank). It shows how internal funds 
earned between 9–12 points more than the 
benchmark, but this difference fell markedly to 
levels of 5–8 points after the year 2000. The eco-
nomic returns when applied to total capital have 
been between 1 and 5 points above the bench-
mark, with performance varying from company 
to company. Firm data also show that some com-
pany groups (Colorobbia and Torrecid), and 
companies specializing in colours, managed eco-
nomic returns above the industry average.
Previous literature, such as [11], suggested that 
the sector lost profitability in the 90s, dropping 

the trend appears slightly different if turnover is 
expressed in constant euros (1993), as reflected 
in the chart. If the volumes are not the cause of 
the stagnation, then perhaps it is the selling 
price. A stabilization of turnover can be seen, 
especially after 2002, and this is also reflected in 
the employment figures, stabilizing at around 
the 4000 employees.
International trade statistics are also revealing. 
They show that exports are widely dispersed 
geographically, while imports are more concen-
trated and low in volume. These imports are 
high-value products (i.e. ceramic colours) from 
various European countries, mainly Italy, though 
recently imports from China have increased. The 
trade balance for these products with the major-
ity of countries remains very favourable for 
Spain. Recently, however, there have been slight 
changes due to increased international competi-
tion and the emergence of China as a competitor. 
The coverage rate of imports was 693 % in 
2005.
Table 4 shows a number of details on the type of 
goods produced and exported by the industry, as 
well as their average unit value.
The export of higher value-added products in-
creased between 2000 and 2005, with the shares 
of colours and glazes growing in comparison to 
frits. The export volume of frits in physical units 
barely changed (+9 %) over this period, when 
compared to the growth of colours (+87 %), and 
glazes (+151 %). In short, between 2000 and 
2005, the following changes occurred: a) in-
crease in volume: +28 %; b) increase in average 
price: +5 %; c) increase in value: +34 %.
Examining the annual change in average price 
shows that the increase was primarily in the year 
2005, as the price only varied between 0.63–0.66 

remaining 58 %. Between 1990 and 2006 sales 
volumes as a whole multiplied by five. The in-
dustry was also substantially reinforced with an 
increase in productive capacity and the entry of 
new companies.
There are at least two timelines that help clarify 
these developments. In the first, from the begin-
ning of the 90s until 2002, there was a linear 
growth in sales, with annual increases of be-
tween 55–60 million €, with one-third in the 
national domestic market and two thirds in ex-
ports. Between 2002 and 2005, this pattern dis-
appeared for the domestic market, but not for 
the export market, which continued to grow at 
35–40 million € annually, while domestic sales 
stagnated in line with Spanish ceramic produc-
tion. From 2006 domestic and export sales re-
vived, although the trend will only become 
clearer when figures are available for the rest of 
the decade.
Employment grew at a regular pace, increasing 
by a factor of 2.5 from 1500 employees in 1992 to 
3800 employees in 2005, according to ANF-
FECC figures. Productivity, as measured by 
turnover per worker, can also usefully be divided 
into two periods. The first period runs until 1997 
and shows a growth from 170,000 to 240,000 € 
per employee. The second period runs from 
1997 until 2005 and shows no growth, which 
indicates a reduction in real terms after taking 
into account currency depreciation. 
The same conclusions can be drawn when exam-
ining data from company annual accounts 
(SABI). Figure 2 shows the aggregated data of 
income and employment in the industry.
As turnover continued to increase almost lin-
early, there would seem to be no obstacles to in-
vestment continuing at the earlier rates; however, 

Fig. 1 • Real net investment Fig. 2 • Turnover and employment
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with an emphasis on internationalisation. The 
industry has, for example, managed to export up 
to 60 % of its output and establish new overseas 
manufacturing plants to serve customers locally. 
Its leadership role was widely recognised for the 
sector as a whole.  
Companies have been extremely active commer-
cially – supporting their clients in their competi-
tive struggle in two ways: firstly, through im-
proved product quality in terms of performance, 
aesthetics and design, which enables greater dif-
ferentiation for ceramic products; and secondly, 
through a structured customer service, which 
includes assistance with product development, 
such as design, and post-product development, 
such as solving problems in the production 
phase. 
The evolution of the industry has been studied 
since the beginning of the 90s. There has been 
strong growth in all critical variables (invest-
ment, turnover, employ ment, exports, etc.) 
which reflect the high level of competitiveness 
achieved. However, a stagnation of investment 
and turnover has been seen lately. Compounding 
the problem, the upward price trends in both 
energy and raw materials, such as zinc oxide, has 
eroded operating margins and results. 
Accordingly, the industry has suffered an intense 
loss of profitability – down 50 % in little more 
than a decade. This fall has been especially pro-
nounced since 2001, when big price increases 
were experienced in the raw material and natural 
gas, elements that comprise 75 % of production 
costs. In addition, the pressure of international 
competition is increasing. The Asian glaze in-
dustry has been expanding since 2005. As a re-
sult, the industry data indicates that the Spanish 
industry will face debilitating commercial prob-
lems through a combination of higher material 
costs and investment costs imposed by environ-
mental regulations that their competitors do not 
have to shoulder. 

was due to various extraordinary net revenues 
and a cut in tax (as a consequence of the imple-
mentation of an accounting rule, fiscal credit, 
that allows anticipation of future tax savings).

4 Conclusions – the challenges ahead

As we have shown, the Spanish frit, glaze and 
colour industry is a billion euro-a-year industry, 
providing four thousand jobs. It is larger than 
other traditional Valencian industries which 
have received much attention such as the toy, 
footwear, or furniture industries. The glaze in-
dustry is based in the ID of Castellon and has 
contributed to the success of the ceramic sector, 
a sector with a turnover four times higher.  
It sprang from the practice of outsourcing the 
supply of, and raw materials for, processing 
glaze. For the last three decades the industry has 
developed a strategy of ongoing innovation, 
which has contributed to the industry becoming 
a technology mainstay of the ceramic sector. The 
industry has also developed a strategy of growth, 

from 32 % in 1990 to 15 % in 2000. Also [12] 
indicate the loss of productivity and profitability 
in the industry. This downward trend has been 
confirmed by our research. As [16] mentions, 
the fall of prices and margins in the sector is a 
result of increased competition caused by the 
emergence of new players, and heavy industrial 
investment. This is also reflected in our work. 
It was observed that during the analysed period, 
costs grew by nearly two percentage points more 
than revenues. Costs have grown by between 
10 % and 13 %, according to rates, with the 
excep tion of financial charges, which have in-
creased by a small degree (1 %/a).
However, the composition of operating expenses 
(Table 3) has remained constant. The years 
2004–2005 and 1994–1995 provided similar av-
erages in which the most notable differences in 
the cost structure occur in capital costs (depre-
ciation increased nearly one percentage point 
from 4.4 % to 5.3 %, while financial expenses 
reduced their share by the same amount, falling 
from 2.4 % to 1.5 %). The share of staff costs re-
mains unaltered during this period (around 
16%), but raw materials drop one percentage 
point (from 59.2–58.1 %), and other operating 
expenses increased from 17.7–18.7 %. Data does 
not reflect the major price increase in certain 
raw materials such as zinc oxide and natural 
gas.
The research also illustrates that in 2005 the op-
erating profit, continuing the trend of previous 
years, fell sharply as a result of slowdown in rev-
enues. Despite this, profit for the period fell only 
8 %, which was less than the fall in 2004. This 

Table 4 • Composition of exports – 2000 and 2005

Exports – Volume and value
Average export unit 
prices

Year 2000 Year 2005

Volume Value Volume Value
Year
 2000

Year
2005

Var,

Products TARIC Code (1000 t) /% Mill, € /% (1000 t) /% Mill, € /% €/kg €/kg /%

Total 3207 590 100 382 100 757 100 513 100 0.65 0.68 +5

Colours 320710 31 5 83 22 58 8 144 28 2.68 2.48 –7

Glazes 320720 61 10 35 9 153 20 89 17 0.57 0.58 +2

Frits 320740 497 84 263 69 543 72 277 54 0.53 0.51 –4

Source: Own elaboration. AEAT (Spanish Agency for Tax Administration). Camerdata data base.

Fig. 3 • Return on capital
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The research shows that there has been high in-
vestment in innovation; however, only continu-
ous improvement in product quality and service 
will enable industry leadership to be maintained. 
We suggest that innovative approaches must in-
clude changes in mentality, which include indus-
trial restructuring (mergers and acquisitions, 
and specialisation) and intensification of 
internatio nalization (searching for new custom-
ers; multi-locations). Also, and very importantly, 
more effective forms of cooperation with other 
organisations working in ceramic technology 
must be developed in order to facilitate techno-
logical advances and make more effective use of 
the sectorial innovation system.
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The 3rd International Conference on “Electro-
phoretic Deposition: Fundamentals and Appli-
cations” was held on October 5–9, 2008 at the 
Awaji Yumebutai Intl. Conference Center, 
Hyogo, Japan, with the sponsorship of Engin-
eering Conferences International (ECI). This 
conference was the third of the series initiated in 

2002 in Banff, Canada; this constitutes the only 
international conference series focussing en-
tirely on electrophoretic deposition (EPD) and 
its application as a processing technique for the 
fabrication of both traditional and new materi-
als. The conference consisted over 70 contrib-
uted talks and almost 30 posters from approxi-
mately 80 participants from 25 countries around 
the globe. Contributions from representatives of 
both academia and industry, covering a large 
number of subject areas related to EPD, were 
presented reflecting the versatility of the EPD 
technique as a materials processing technique. 

3rd EPD conference co-chairs: Prof. Clasen, Prof. Boccaccini, Prof. van der Biest, Dr. Uchikoshi (from the left)

The topics ranged from theoretical studies on 
the fundamental mechanisms of EPD to novel 
technological developments in EPD for efficient 
and cost-effective fabrication of a variety of 
materials. 
Most papers addressed the application of the 
EPD technique to the manufacturing of engin-
eering materials and components. These in-
cluded free standing ceramic components, car-
bon nanotube composites, ceramic coatings on 
metallic substrates, fibre-reinforced ceramic 
matrix composites, nanoparticulate composites 
and films, microelectronic substrates, bioactive 
coatings, functionally graded materials, piezo-
electric devices, photocatalytic coatings, and 
solid oxide fuel cells. Several papers also ad-
dressed the application of EPD as an advanta-
geous technology for the manufacture of small-
scale, near net-shape objects having accurate 
dimensions. A highlight of the conference was a 
panel discussion of future trajectories of EPD in 
commercial and industrial applications. A stron-
ger link/relationship/bridge with companies and 
organizations at the forefront of industrial ap-
plications of EPD is a central goal for future 
development of the EPD community and the 
conference series.
The community has recognized that the full po-
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