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ABSTRACT

Desalination of seawater, brackish ground water, and even wastewater, has become a major tool in meeting the
world’s growing water demand, but energy intensity remains high and more efficient systems are needed. The
tools of heat and mass transfer, and of thermal system systems engineering are directly applicable. This
lecture discusses design analogies between desalination systems and thermal power systems, with a focus on
reverse osmosis systems. Entropy generation minimization is shown to be the major aim in energy efficient
design. Analogies between heat exchangers and osmotic mass exchangers are developed. The potential use
of ultrapermeable membranes to reduce system size or energy consumption is considered. The impact of
concentration polarization, analogous to incondensable gases in heat exchangers and dependent upon mass
transfer coefficients, is shown to be controlling in system performance. Finally, the role of varying mass
flow rates in membrane feed channels is examined using analogy to heat transfer and a superposition
technique, showing how mass transfer coefficients can be accurately modeled in these systems.

KEYWORDS: Desalination, Mass transfer, Convection, Phase change, Heat and mass exchangers, Analogies,
Reverse osmosis, Membrane permeability, Mass transfer units

1. INTRODUCTION

Desalination has been deployed worldwide to expand the supply of freshwater, especially for coastal
populations, and its use has been increasing rapidly, now exceeding 86 ML/day of installed capacity [1].
The technology has also improved steadily over recent decades, especially for reverse osmosis (RO)
membrane systems for which energy consumption has dropped by a factor of eight since 1970 [2]. But
concerns remain about the energy requirements of desalination. Significant research is now being directed at
understanding the causes of energy inefficiency in various desalination processes; and, for both thermal and
membrane-based systems, many concepts from thermal engineering can be directly adapted to improve the
performance of desalination systems. In this talk, I highlight areas where thermal engineering is directly
applicable to today’s challenges in desalination system design.

2. THERMODYNAMIC EFFICIENCY AND ENTROPY GENERATION
Desalination is the process of separating freshwater (A) from saline water (B), usually creating a more saline
brine (C) in the process. Work (either mechanical power or as the exergy of heat from a higher temperature
source) is required to effect the separation, and direct application of the first and second laws of

thermodynamics shows that the rate of work required is:

W = NAGA+NCGC_NBGB+TOSQEH (1)
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where G= H-TS is the Gibbs energy per mole of stream and N is the molar flow rate. When the entropy
generation rate, Sgen, is zero, the work requirements are minimized. For this reversible case, separating 50%
of the water from typical seawater requires about 1 kWhe/m® of fresh water produced. Practical reverse
osmosis systems today operate below 3 kWh,/m’, with some demonstration technology being slightly under
2 kWhy/m’; but auxiliary processes such as intake pumping and pretreatment can add 1 kWhy/m® to the
overall energy requirement.

Equation (1) shows that the design of effective desalination processes requires a clear appreciation of the
causes of entropy production (and, more broadly, exergetic processes) in the system [3]. Essential concepts
from thermal design apply very directly: minimize the temperature and concentration differences through
which heat and mass are transferred [4]; balance opposing streams in exchangers to help maintain minimal
temperature and concentration differences [5, 6, 7]; maximize the heat and mass transfer rates associated
with these small difference in order to have compact, low capex, equipment [8, 9]; use multiple stages in
processes that involve transport against a fixed point condition, such as a saturation temperature [10, 11]; and
recover the exergy associated with condensation to drive further evaporation at lower temperatures [9, 10, 11,
12]. In short, the heat transfer and thermal engineering communities understand the techniques required in
desalination system design very thoroughly.

Today’s desalination plants have come to be dominated by a pressure-driven membrane separation (reverse
osmosis), for the reason that it is primary a mechanical process that has more favourable entropy generation
and cost characteristics than are possible with most thermal systems (low §gen in a thermal system requires
large, low temperature difference heat exchangers, which are expensive or impractical). However, membrane
separations can be studied by direct analogy to heat exchangers; and when that is understood, the required
design characteristics are clear.

3. OSMOTIC MASS EXCHANGERS BY ANALOGY TO HEAT EXCHANGERS

Osmotic mass exchangers use a semipermeable membrane to separate water from salts. The membranes operate
on the basis of Donnan exclusion, with charged polyamide surface layers that reject salts while admitting water
[13, 14]. By pressurizing a saline feed stream on one side of the membrane, the Gibbs energy of water on the
saline side is raised above that of a fresh water draw stream on the opposing side, reversing the direction of
osmosis and causing water to diffuse through the membrane to the fresh side. The process may be described
simply [15] using a membrane permeability coefficient 4, and considering the differences in hydraulic and
osmotic pressures, P and &, respectively, to write the mass flux from feed to draw stream as:

iy = A{[ma(x) — mp(x)] = [Pa(x) — Pr(x)]} ()

We can immediately see the analogy to the heat transfer from the hot to the cold stream of a heat exchanger

Q" = U [Th(x) = T.(x)] 3)

which leads to the famous e-NTU method of sizing and rating heat exchangers [16]:

U-As _ Qactual (Ti‘LCp)min (4)
— = - )

Cmin Q(NTU—c0) (mcp)maX

NTU & Cc*

Banchik, Sharqawy, and Lienhard, in a series of papers, have exploited this analogy in detail for reverse osmosis,
pressure retarded osmosis, and other systems to develop the analogous framing for osmotic mass exchangers.
For the case of reverse osmosis [17], they define the “number of mass transfer units”, or MTU, as follows:
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AAm AP n RRactual TTf in (5)
M in RR(MTU— o)’ Ap

N ——— N e’
MTU £ SR¢

where RR is the water recovery ratio and 4,, is the membrane area required. Figure 1 illustrates this analogy.
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Fig. 1 Analogy between: (a) heat exchangers [16]; and (b) reverse osmosis mass exchangers [17].
Major differences between heat exchangers and osmotic mass exchangers do arise, however, from two factors:

1. The mass flow rate in the feed channels of a mass exchanger declines as water is transferred from the
saline stream into the draw (or pure) stream, reducing the velocity in the flow direction

2. As water diffuses toward and through the membranes, salts are convected to the membrane surface, but
must accumulate near the surface (leading to back diffusion) and producing a high salt concentration
near the membrane than in the feed. This so-called concentration polarization is entirely analogous to
the incondensable gas effect in a heat exchanger, and it impedes water flux through the membrane.

As is the case for heat exchangers, there is interest in having higher flux through the membranes, in order to
obtain a more compact system; and so significant attention is devoted to increasing the membrane permeability
A. However, just as one would not simply insert a high U heat exchanger into to a thermal system with
examining the overall design and staging, the benefits of high 4 taken by itself are limited.

4. REVERSE OSMOSIS AND ULTRAPERMEABIITY

The invention of graphene desalination membranes [18] and other high permeability materials was greeted
with great excitement based on initial expectations of drastically reduced energy requirements. Subsequent
analysis [19] showed that potential energy savings were more modest: around 15% for seawater systems and
around 45% for brackish water systems in a standard cross-flow RO configuration (Fig. 2a). These gains are
achieved by lowering the applied hydraulic pressure toward final osmotic pressure of the outlet brine,
holding system size and water production fixed. However, for this configuration, the benefits are strictly
limited by the overall osmotic pressure change. An imperfect analogy would be using a higher U in a single-
stream heat exchanger to operate at a given heat duty with slightly reduced temperature differences so as to
lower Sgen. Large gains are not possible by changing U alone: the process configuration must also change.

System size reductions for the standard cross-flow configuration as a result of higher permeability (Fig. 2b)
are more promising, but are ultimately limited by concentration polarization. Thus, the full benefits of high
permeability will require enhanced mass transfer coefficients in the standard RO configuration (which may
not be easily achievable at the levels required [13]). McGovern and Lienhard [20] have recently explored
these limits, showing that, as with energy efficiency, batch RO configurations can better capture the benefits
of higher permeability membranes where system size is concerned.
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Fig. 2 Energy (a) and system size (b) of single-stage reverse osmosis versus membrane permeability [19].

5. VARIABLE MASS FLOW RATES IN MEMBRANE CHANNELS: SUPERPOSITION

In thermal engineering, accurate prediction of stream-to-stream heat flux is required for sizing and rating
heat exchangers. Likewise, predicting water flux through the membrane is required for the design of osmotic
mass exchangers. Concentration polarization (CP) results from water flux, and it in turn drives salt back-
diffusion, reduces osmotic driving potential [see Eq. (2)], and retards water flux. Traditionally, CP is
modeled as diffusion through a stagnant film [21] and ignores the growth of the mass transfer boundary layer.
As RO systems push towards higher permeabilities and higher salinity feeds, the impact of CP on water flux
increases, meaning better mass transfer modeling is required for ultrapermeable RO systems.

The buildup of diffusive resistance by CP can be accounted for using an analogy to convective heat transfer
and superposition [22]. Using a pseudo-concentration, dw/dw = 1/w, the governing salt conservation
equation can be reduced to a form that is analogous to the energy equation in convective heat transfer, as
illustrated in Fig. 3. Combined with a no-salt-flux boundary condition, this transformation yields a
relationship between water flux v and salt mass transfer that mimics convective heat transfer:

d oT
v=-D3| =hm(ww=wy) < q=—k3] =h(Ty=Tp) (©6)

where the mass transfer coefficient 4, is defined based on the pseudo-concentration difference (w,, — @),
rather than actual concentration difference Aw. Consequently, solutions for local convective heat transfer
coefficient can be used for the local mass transfer coefficient in RO, if the boundary conditions match.
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Fig. 3 Governing equations and boundary conditions for the original problem in concentration w, the
transformed problem in pseudo-concentration w, and the analogous heat transfer problem in 7. Equivalence
of the original and transformed problem is complete. The analogy to convective heat transfer holds under
conditions where the velocity field is not significantly impacted by the permeate flux and axial diffusion.
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However, in RO, the boundary conditions do not mimic the usual uniform wall heat flux or wall temperature
cases found in convective heat transfer literature. Thus, the principle of superposition [23] is used to fit
uniform wall flux solutions to the varying water flux b.c. in RO, such that the local Sherwood number is

x 0v
—_ vo+f, 57 dE
Sh = wo——3r- @

sheot Jo aEsn-p 4

where Sh(x) is the Sherwood number for a uniform wall flux b.c. Applying solution—diffusion theory and
several bulk conservation relations in conjunction with the superposition theorem, this results in the
effectiveness-MTU relationship shown in Fig. 4.
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Fig. 4 Effectiveness—MTU curves for increasing values of the transverse Peclet number: as the effects of CP
become more significant, correctly accounting for variations in the local mass transfer coefficient becomes
more important, as seen by comparison to DNS and traditional, average Sh modeling approaches. The DNS
fully accounts for the 2-D mass transfer process in the channel, treating the concentration as a passive scalar,
with the permeable wall boundary condition and constant fluid properties [24]. The present model agrees
well with the full 2-D model over the entire parameter space (MTU, SR, Pe ), but the average Sh approach
breaks down for high Pe | .

The transverse Peclet number, Pe | (Fig. 4), arises as an additional dimensionless parameter that compares
water flux to salt back-diffusion, scaling the effect of concentration polarization:

pe = 220 ®)

As Pe increases with higher permeabilities, the effects of concentration polarization increase. In those

cases, results with the varying mass transfer coefficient agree better with direct numerical simulation (DNS)
than traditional, constant mass transfer coefficient modeling approaches [22].

As membrane permeability continues to rise, RO hydrodynamic design must evolve with it. Models that
account for variations in mass transfer coefficient are thus critical to the next generation of RO system
design. Fortunately, convective heat transfer theory provides a large body of solutions that are applicable.
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6. CONCLUSIONS

Concepts from the design and use of heat exchangers in thermal power systems are entirely applicable to the
design of desalination systems, in which the useful power is the work of desalination and in which
irreversibilities raise the energy requirements further. While many of these techniques are immediately
evident for thermal desalination systems (minimizing temperature differences, balancing capacity rates,
energy recovery, staged design, and lowering thermal resistance to minimize system size), they have direct
analogies in considering osmotic mass exchangers and reverse osmosis desalination. The concept of MTU
may be used for sizing and rating and high permeabilities can be used to reduce system size; but mass
transfer coefficients must be managed so as to offset concentration polarization and variable mass flow rates.

(1]
(2]

(3]
(4]
(5]

(6]

[7]
[8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]

(23]
[24]

REFERENCES

F. Virgili, T. Pankratz, J. Gasson, /DA Desalination Yearbook, 2015-2016, Oxford, UK: Media Analytics Ltd. (2015).

M. Elimelech and W.A. Phillip, “The Future of Seawater Desalination: Energy, Technology, and the Environment,” Science,
333, pp. 712-717 (2011).

K.H. Mistry, R.K. McGovern, G.P. Thiel, E.K. Summers, S.M. Zubair, and J.H. Lienhard V, “Entropy generation analysis of
desalination technologies,” Entropy, 13(10), pp. 1829-1864 (2011). http://www.mdpi.com/1099-4300/13/10/1829

G.P. Thiel and J.H. Lienhard V, “Entropy generation in condensation in the presence of high concentrations of noncondensable
gases,” Intl. J. Heat Mass Transfer, 55, pp. 5133-5147 (2012).

G.P. Narayan, K.M. Chehayeb, R.K. McGovern, G.P. Thiel, S.M. Zubair, and J.H. Lienhard V, “Thermodynamic balancing of
the humidification dehumidification desalination system by mass extraction and injection,” Intl. J. Heat Mass Transfer, 57(2),
pp. 756-770 (2013).

K.M. Chehayeb, G.P. Narayan, S.M. Zubair, and J.H. Lienhard V, “Use of multiple extractions and injections to
thermodynamically balance the humidification dehumidification desalination system,” Intl. J. Heat Mass Transfer, 68, pp.
422-434 (2014).

E.W. Tow, R.K. McGovern, and J.H. Lienhard V, “Raising forward osmosis brine concentration efficiency through flow rate
optimization,” Desalination, 366, pp. 71-79 (2015).

J. Swaminathan, H.W. Chung, D.M. Warsinger, Faisal AlMarzooqi, H.A. Arafat, and J.H. Lienhard V, “Energy Efficiency of
Permeate Gap and Novel Conductive Gap Membrane Distillation,” J. Membrane Sci., 502, pp. 171-178 (2016).

E.W. Tow and J.H. Lienhard V, “Heat transfer to a horizontal cylinder in a shallow bubble column,” Inztl. J. Heat Mass
Transfer, 79, pp. 353-361 (2014).

H.W. Chung, J. Swaminathan, D.M. Warsinger, and J.H. Lienhard V, “Multistage vacuum membrane distillation (MSVMD)
systems at high salinity,” J. Membrane Sci., 497, pp.128-141 (2016).

G.P. Narayan and J.H. Lienhard V, “Thermal Design of Humidification Dehumidification Systems for Affordable Small-scale
Desalination,” IDA Journal, 4(3), pp. 24-34 (2012).

Y.M. El-Sayed and R.S. Silver, “Fundamentals of Distillation.” In K.S. Spielger and A.D.K. Laird (eds.) Fundamentals of
Desalination, 2™ ed., Vol.A, New York: Academic Press, pp- 55-109 (1980).

A.G. Fane, R. Wang, M.X. Hu, “Synthetic Membranes for Water Purification: Status and Future,” Angew. Chem. Int. Ed., 54,
pp. 3368-3386 (2015).

C.Fritzmann, J. Lowenberg, T. Wintgens, T. Melin, “State of the art reverse osmosis desalination,” Desalination, 216, pp. 1-76,
(2007).

D.R. Paul, “Reformulation of the solution-diffusion theory of reverse osmosis desalination,” J. Mem. Sci., 241, pp. 371-386
(2004).

W.M. Kays and A.L. London, Compact Heat Exchangers, 3rd ed., New York: McGraw-Hill (1984).

L. D. Banchik, M. H. Sharqawy, J. H. Lienhard V, Effectiveness-mass transfer units (e-MTU) model of a reverse osmosis
membrane mass exchanger, J. Membrane Sci. 458, pp. 189-198 (2014).

D. Cohen-Tanugi and J. C. Grossman, “Water Desalination across Nanoporous Graphene,” Nano Letters, 12(7), pp. 3602—
3608, (2012).

D. Cohen-Tanugi, R.K. McGovern, S. Dave, J.H. Lienhard V, and J.C. Grossman, “Quantifying the Potential of Ultra-
permeable Desalination Membranes,” Energy Environ. Sci., 7(3), pp. 1134-1141 (2014).

R.K. McGovern and J.H. Lienhard V, “Asymptotic limits to water flux for ultrapermeable membranes,” in prep., 2016.

A. S. Michaels, “New separation technique for the CPI”, Chem. Eng. Prog., 64(12), pp. 31-43 (1968).

W. Rohlfs, G.P. Thiel, and J.H. Lienhard V, “Modeling reverse osmosis element design using superposition and an analogy to
convective heat transfer”, under review (2016).

W. M. Kays and M. E. Crawford, Convective Heat and Mass Transfer, 2" ed., New York: McGraw-Hill (1987).

W. Rohlfs and J.H. Lienhard V, “Entrance length effects of Graetz number scaling in laminar duct flows with periodic
obstructions: Transport number correlations for spacer-filled membrane channels”, Intl. J. Heat Mass Transfer, accepted
(2016).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


