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ABSTRACT

The European KIC-Climate project Water and Energy for Climate Change (WE4CC) aims at
the technical demonstration, business case evaluation and implementation of new value
chains for the production of high-quality water using low-grade thermal waste energy from
cooling water. A typical large-scale waste heat water network is the production of the boiler
feed water from surface water using waste heat of temperatures below 60°C from power
plants. Two innovative membrane distillation concepts for the production of high-quality
water were evaluated for this case in terms of operational conditions, equipment size and
costs which are dependent on the available amount of waste heat and its temperature.

e Memstill” (partial use of waste heat, by partially cooling down cooling water such that the
remaining heat can be reused for other applications, e.g. for the recovery of desiccant solutions)
* MD-HEX, i.e. membrane distillation with an extra integrated heat envelope within the Mem-
still® module for full use of waste heat which is taken up by the produced water and/or the con-
centrate.

Both Memstill® and MD-HEX behave as a demineralised water (demi-water) producing
once-through cooler. Due to the utilisation of waste heat, much less electricity is needed for
the production of demi-water relative to other water production technologies. Memstill”
also behaves as a waste heat-consuming demi-water producing technology. Thus, significant
reductions in cooling water intake, costs and GHG emissions can be achieved.

Keywords: Low-grade heat; Waste heat; Desalination; Boiler feed water; Demi-water; Heat
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1. Introduction

In Europe, huge amounts of waste heat are lost.
In the Netherlands alone, this already amounts to
more than 250 P] per year for low-grade heat with
temperatures above 50°C [1]. This amount of ther-
mal energy loss represents the equivalent of
8,000 Mm® natural gas, the emission of 3.5 Mton
CO, and a potential value exceeding 1,000 ME€.

Often this waste heat is discharged via cooling
water into the surface water via once-through coolers,
or towards the atmosphere via cooling towers. This
requires the intake of water and use of electricity and
results in various emissions. Table 1 shows typical
emission values per MWy, for these systems [2]. In
addition, the specific costs of cooling are reported.
They are in the range 0.06-0.16 €ct GJ'', as calculated
from typical data reported in European reference doc-
uments [3]. Besides water and energy, also intake of
specific chemicals is needed to prevent fouling and
scaling. These are about 250 (chlorine), 1,000 (sulphu-
ric acid) and 50 (phosphate) kg year ' MW ™.

Reuse of thermal energy from cooling water would
therefore involve a significant contribution to the climate
change goals, prevent loss of economic damage and
contribute to better welfare of people in the cities and
facilitate current and new energy production systems.

In the European project Water and Energy for
Climate Change (WE4CC), new value chains and
concepts were identified and developed for effective
recovery of low-grade heat up to 60°C. Here, the
heat from low-temperature aqueous resources such
as cooling water and industrial water is used to
drive the production of high-quality water (boiler
feed water, drinking water and process water) from
typical aqueous feedstocks using membrane distilla-
tion or for dehumidification of humid air using
liquid desiccants. The latter case can be used for cli-
mate control and is described in the literature [4].

In this paper, the focus is on the production of
demineralised water (demi-water) as feedstock for
high-pressure boilers in power plants. The potential
available heat sources are characterised by large
streams of low temperature (35°C) and small
streams of higher temperature (industrial heat,
40-60°C). In order to identify potential business cases
for the power plant and industrial heat, two generic
concepts of membrane distillation were evaluated for
on-site or near-site production of pure water.

2. Waste heat driven membrane distillation

Membrane distillation is a relatively new but
well-documented technology, which is on the brink

Table 1

Typical performance indicators indicating the climate effect of cooling water treatment in once-through and recirculation systems per MWy, [2,3]

Emissions to water

Emissions to atmosphere

Intake

Specific cooling costs

[€Ct.G]thgl]
0.06-0.16

(MW]

Heat

[m?® year ' MW ]

Water

Heat

CcOo2
[m® year ' MW '] [ton year ' MW '] [MW]

Water

kW, MW ]

Electricity
10

[m? year ' MW ]

Water

System

700,000

50

700,000

Once-

through
Cooling

0.06-0.16

0.02

0.08

0.98

136

11,000

27

14,400

tower

3507



3508

of commercialisation [5]. It refers to a thermally driven
transport of vapour through non-wetted porous
hydrophobic membranes, the driving force being the
vapour pressure difference between the two sides of
the membrane pores. It is particularly suited for the
applications in which water is the major and most vol-
atile component present in the feed solution.

Various modes and configurations exist for mem-
brane distillation. A highly efficient counter-current
flow process can be realised in the so-called Memstill®
process. Here, a cold aqueous feedstock (sea water for
the case shown in Fig. 1(a)) enters the module and
takes up heat in the condenser channel through con-
densation of water vapour. Next, a small amount of
low-grade heat or waste heat is added, and the stream
flows in the counter-current direction back via the
membrane channel. Driven by the small amount of
added heat, water evaporates through the membrane,
and is discharged as cold condensate. The brine is dis-
posed of or further concentrated in a next module. A
heat exchanger between the condenser and membrane
envelope supplies the necessary heat to the module.
Because a Memstill® module houses a continuum of
evaporation stages in an almost ideal counter-current
flow process, a very high recovery of evaporation heat
is possible.

Another configuration is characterised by the pres-
ence of an additional heat envelope, see Fig. 1(b).
Instead of adding the heat at the top of the system,
the heat is added over the full length of the membrane
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by allowing hot cooling water to flow parallel with
the brine.

Both configurations can be characterised as a
water-producing heat exchanger, where high-quality
water (demi-water) and a concentrate (brine) are pro-
duced from an aqueous feedstock. From the point of
view of heat transfer, there are some differences
between both processes:

e Memstill®. It makes partial use of the waste heat
source (hot cooling water), by partially cooling
down cooling water such that its remaining heat
can be used for other waste heat-driven applica-
tions or for discharge.

e Membrane distillation with an extra heat enve-
lope (MD-HEX). Here the waste heat source is
fully exploited and its heat is taken up by the
produced water and/or the concentrate.

Concerning climate effects, Memstill® and MD-
HEX behave as a (demi-) water-producing once-
through cooler with emissions as reported in Table 1.
Due to the use of waste heat, much less electricity is
needed for the production of (demi-) water relative to
alternative technologies such as reverse osmosis. The
savings in CO,-emissions are about 1 kg CO, m ™
water produced (seawater as feedstock). Additional
savings can be realised by recycling the brine, prefera-
bly after cooling it down towards feedstock conditions
or by using feedstock with higher salt contents.

(b) Hot cooling water
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Fig. 1. Memstill® (a) and Memstill® with heat envelope (MD-HEX, b) using waste heat from cooling water (here at 50°C).
For Memstill® the cooling water is partially cooled down (here AT = 5°C) by local heating of the feedstock with AT (°C)
after passing the condenser array and heating of the fresh water and brine with the same AT (°C) relative to the feed-
stock. For Memstill® with heat envelope, all waste heat from the cooling water is utilised due to continuous heating of

the brine in the membrane array which flows cocurrently.
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3. Identification of potential business cases for the
power industry

3.1. Identification, selection and evaluation of waste heat
resources for power plants

In a market evaluation for the power industry, 10
residual heat streams in a power plant were identified
and characterised. Based on the experience from exist-
ing (power) plants, temperature and flow ranges for
each heat source are defined. These temperature and
flow values should be considered as indicative values,
as they are highly location- and design-specific. Spe-
cial attention is also given to the availability of the
heat source (continuous vs. discontinuous). Table 2
gives an overview of the results.

3.2. Screening and characterisation of demi-water needs for
power plants

Power plants and other industrial plants produce
and consume significant quantities of demi-water as
boiler feed for their water steam circuits. The actual

Table 2

need for demi-water mainly depends on the type of
plant.

The process of water loss in the water steam cycle
for conventional fossil power plants is approximately
1%. For a plant of about 200 MW,, this represents
roughly estimated 100 m’> of demi-water per day. If
steam soot blowing is applied, the need for
demi-water can rise up to roughly estimated another
100 m®> per day more. The most recent gas-fired
combined-cycle power plants consume less boiler feed
water. For a 400 MW, power plant, a consumption of
approximately 30 m® d™! can be expected. For plants
with a direct steam delivery to industrial clients
(e.g. cogeneration plants), high needs for demi-water
should be taken into account.

The required demi-water quality is depending on
several parameters such as the pressure of the boiler
system and the design of the water steam cycle.
Table 3 shows the specifications for high pressure boi-
ler water systems (>100 bar) according to international
guidelines [6].

Based on available distillate data from the
Memstill® pilot test at the Rotterdam Maasvlakte as

Summary table for heat sources in industrial environments with a focus on power plants (CCGT = combined cycle gas

turbine; LTHE = low temperature heat exchanger)

Heat source Temperature range Flow range Availability
Boiler water blow down Max. 100°C Discontinuous

e Max. 2.5 m®/week (CCGT 450 MW,)

e Max. 10 m’/week (conventional high

pressure power plant 180 MW,)
Condenser cooling water 15-40°C Max. 86 m®> h™! MW, ! 3) Continuous
Turbine lubricating and 52-65°C 50 m® h™' (CCGT 450 MW,) Continuous
control oil circuit

Closed cooling circuits 5-50°C Continuous

e 150 m® h™' (fossil power plant

180 MW,)

e 480 m’ h™' (CCGT 450 MW.,)
Bottom ash process water Max. 100°C 10 m>d™ Continuous
Waste water from flue gas 40-45°C (with LTHE) Continuous

desulfurisation (FGD) unit  50°C (without LTHE)
Purified FGD effluents 40°C 2-10 m* h™* Continuous
Heat recovery from flue gases 70-80°C (CCGT) External cooling flow necessary Continuous
40-50°C; 80-100-120°C
(coal fired plants)

Return condensates 80-100°C Continuous
Condensates from district 70-100°C Continuous

heating




3510

represented in the last column of Table 3, it can be
concluded that the membrane permeate quality does
not fully comply with the water quality needs for
high-pressure boiler feed water. Therefore, it is imper-
ative to design a post-treatment after the Memstill”
module to obtain demi-water for high-pressure boiler
systems. A mixed-bed (MB) unit or an electro deioni-
zation (EDI) unit is recommended as final polishing
step. In order to avoid (ir)reversible damage to the
resins (especially the anion resins) present in the MB
or EDI units, it is recommended to use only cold
Memstill®/MD-HEX distillate. After all, condensate
polishing applications in the power plants are cur-
rently limited to temperatures around 35-40°C. Refer-
ring to the limited data-set of the pilot test at the
Rotterdam Maasvlakte, it can be expected that only
small-scale post-treatment will be necessary for high-
pressure boiler systems.

3.3. Screening and characterisation of available water
sources

In order to produce demi-water, industrial plants
use different kinds of water sources. More and more,
special attention is given to the use of lower quality
water streams like surface water, seawater, recuper-
ated water and waste water. After all, the actual cost
and future cost for tap water and well water become
less and less beneficial. Furthermore, in the framework
of the European water directive, it will become more
and more difficult to obtain permits for the production
of demi-water from tap water or well water. All of
these water streams contain a certain amount of
dissolved gases. These gases will pass the Memstill®
(or MD-HEX) membrane during operation resulting in
a decrease of the vapour flux and consequently the
overall recovery of the unit. Therefore, it is recom-
mended to install a degasser (membrane contactor or
vacuum degasser) upstream the membrane distillation

Table 3
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unit. Furthermore, it has to be remarked that some
types of water have particular disadvantages in terms
of water quality:

e Surface water and seawater
Surface water and seawater are characterised
by a high variability in terms of water quality.
Suspended solids, biological organisms, salts,
etc. could be high and vary a lot with respect to
the season, the specific location and the rainfall
density. This type of water has a high fouling
potential, both microbiological and colloidal. In
the framework of a potential use of these kinds
of water flows in Memstill® (or MD-HEX) appli-
cations, it is recommended to foresee an
advanced pre-filtration. Based on pilot tests it
can be expected that at least a pre-filter of 40—
100 pm should be foreseen in front of the mem-
brane distillation module in order to prevent the
module from fouling. Furthermore, it is advised
to install a pre-filter of 200-500 um in front of
the filter in order to protect the first filter.
o Well water
In order to prevent the deposit of iron- or
manganese oxides, often present in shallow well
water, it is recommended to install a sand filter
with oxidation step (or other treatments)
upstream the Memstill (or MD-HEX) unit. Con-
sidering the use of deep well water, it can be
expected that no additional pre-treatment will be
necessary.
e Waste water
The exact composition of waste water
depends a lot on the application where the
waste is produced. Considering concentrated
waste water streams (e.g. with salt concentra-
tions exceeding those of the brine from a
reversed osmosis unit), it should be emphasised
that the warming up of these streams in the

Required demi-water quality for high-pressure boiler water systems (>100 bar) [6] and Memstill® distillate specification
from desalinated North Sea water in a pilot plant at E.ON Benelux (Maasvlakte, Rotterdam) [7]

Parameter Unit Normal value for high pressure boiler water Memstill® distillate
Specific conductivity pS cm ! (25 “C) <0.10 0.75

Silica—SiO, ug kg™ <10 0.0275
Sodium—Na ug kg™ <3 0.011

Chloride—Cl ng kg™ <3 0.13

Sulfate—SO, ug kg™ <3 <0.02

Iron—Fe ug kg_1 <5 n.a.

Total organic carbon—TOC ug kg™ °C! <300 0.3
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Fig. 2. Overall process flow diagram for the integration of
sure boiler feed water.

Memstill® (or MD-HEX) units implicates high
risks of fouling and scaling of the integrated heat
exchanger and the membrane. In such cases, it is
recommended to foresee an anti-scalant dosing
(or softening unit) upstream the pre-filter unit of
the Memstill® (or MD-HEX) unit.

3.4. Overall process flow diagram

Assuming boiler feed as the most important water
need in power plants, cogeneration plants and other
steam-producing plants, the following overall process
flow diagram for the integration of a Memstill® (or
MD-HEX) unit was considered, see Fig. 2. It has to be
remarked that the design of the pre-treatment highly
depends on the quality of the water sources. In order
to increase the Memstill®/MD-HEX recovery, the pos-
sibility of concentrate recirculation is added to the
flow diagram.

4. Design assumptions for potential business cases

In order to evaluate the feasibility of potential
Memstill®/MD-HEX applications, a theoretical busi-
ness case for power plants was defined, based on

Memstill®/MD-HEX in the production process of high-pres-

the assumptions as summarised in Table 4. It has to
be emphasised that this business case will only be
used as an evaluation tool. After all, the pilot and/
or final implementation of a Memstill®/MD-HEX
application will be highly location- and sector-
specific.

Table 4
Most important assumptions for the techno-economic eval-
uation of potential business cases

Assumption Value Unit

Distillate flow 10 th

Expected recovery 5 %

Maximum outlet temperature Memstill®/ 30 C
MD-HEX

Temperature gradient over Memstill®/ 5 C
MD-HEX

Cost brine disposal as cooling water 001 €m™”

Estimated pre-treatment costs as % of total 10 %
costs

Estimated polishing costs 015 €m>

Estimated costs for heat recuperation 0-2 eq!

Estimated cost for demi-water (UFRO) 3 €m™?
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4.1. Demi-water quantity and quality need

As theoretical business case, a coal fired power
plant with a consumption around 10 t h™" of high
quality boiler feed water is assumed. Furthermore it is
considered that this quantity of water is currently pro-
duced by the help of an UFRO-MB demineralisation
unit (ultrafiltration/reverse osmosis-mixed-bed) fed by
surface water. The production of this water quantity
should be (partially) replaced in the future by help of
a Memstill®/MD-HEX unit. As high quality boiler
feed water is needed, it can be expected that the Mem-
still®/MD-HEX distillate has to be polished in a
mixed-bed/EDI unit. Considering an existing UFRO-
MB demineralisation plant, the mixed-bed unit can

N. Kuipers et al. | Desalination and Water Treatment 55 (2015) 3506-3518

still be used as a polishing unit for the distillate. So,
for the total cost calculation of the polishing step of
the Memstill®/MD-HEX unit, only the OPEX of the
mixed bed should be taken into account. This is
estimated to be around 0.1-0.15 € m™>.

4.2. Raw water quantity and quality needs

Assuming a recovery around 5% of the future
Memstill®/MD-HEX unit, it can be expected that
200 t h™' of “raw water” will be necessary in order to
obtain 10 t h™" of distillate. In the framework of the
“European water framework directive” and from the
economical point of view, use of tap water or well

Surface water

l

Prefiltration
200 -500
pm

Y

Prefiltration
40-100pm

Degasser

Delta T\ 5°C

T: 5-25°C
Flow: 200 th

T: 10-30°C

External heat source

Memstill/MD-HEX

Flow: 190 t/h
—— Concentrate discharge

T:10-30°C
y Flow: 10th

Polishing

Mixed Bed/EDI

T:10-30°C
Flow: 10 th

High quality boiler feed

Fig. 3. Basic design of Memstill®/MD-HEX case.
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water is excluded as the “raw water” source. After all,
only 5% of the inlet flow will be useful. So, in this the-
oretical business case, surface water (fresh/brackish/
seawater) is considered as the only potential “raw
water” source.

As surface water is used, a pre-treatment consist-
ing of a pre-filtration (200-500 um and 40-100 pum)
and a degasser should be foreseen in front of the
Memstill”/MD-HEX unit. Concerning the pre-treat-
ment, an additional cost of 2-10% of the Memstill®/
MD-HEX distillate cost (in € m™>) is considered. This
implies, in further economical evaluations, an addi-
tional cost of 0.2 € for an estimated distillate cost of
2€m>.

4.3. Concentrate water quantity and quality

Assuming a recovery around 5% of the future
Memstill®/MD-HEX unit, it can be expected that
190 t h™" of concentrate will be produced in order to
obtain 10 t h™! of distillate. So, in comparison to a tra-
ditional UFRO-MB (assumption of an overall recovery
around 65%), more than 180 t h™! of additional con-
centrate can be expected for the Memstill®/MD-HEX
configuration. This indicates an additional discharge
cost for the Memstill®/MD-HEX configuration. When
the local legislator considers this water flow as cooling
water (roughly estimated at 0.01 € m™), a discharge
cost of 1.9 € h™" should be taken into account for this
example. This cost will be much higher in case the
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concentrate is considered as waste water (0.03-
0.7 € m™°). During operation of the Memstill®/MD-
HEX, the concentrate flow will gradually increase in
temperature. So it will be important, in the framework
of the local environmental legislation, to configure the
Memstill®/MD-HEX unit in compliance with the
applicable thermal discharge limits. In many European
countries, 30°C is considered as the absolute thermal
discharge limit in surface water. This means, assuming
surface water temperatures between 5 and 25°C,
that the concentrate may only increase with 5°C
during the hottest period of the year. Therefore, it was
decided to design the Memstill®/MD-HEX case for
a temperature difference of 5°C (which can be
considered as conservative).

4.4. Defined parameters and basic design of Memstill®/
MD-HEX case

Fig. 3 schematically shows the basic design and
the range of values for the operation parameters as
based on the above assumptions.

4.5. Benchmark demi-water

The design and consequently the overall cost of a
demineralisation unit for the production of demi-
water from surface water depend a lot on the quality
of the surface water and operational mode. The cost
price for 1 m> of demi-water (high-quality boiler feed)

Table 5

Typical values of the techno-economic parameters for Memstill®/MD-HEX

Parameter Value Unit

Operation hours per year 8,000 hours year !

Savings MD + HEX relative to Memstill® with external exchanger 15 %

Heat consumption 72 kWh m™? distillate

Cost waste heat (cost hot cooling water) 1 (0.0036) €GJ7' € kWh™)

Discharge cost cold cooling water 0.000 € kWh™!

Intake cost feedstock 0.000 € m™ feedstock

Discharge cost concentrate 0.000 € m ™ concentrate

Electricity consumption 0.0278 kWh m ™ feedstock

Electricity costs 0.1 € kWh™!

Membrane module costs (current) 100 € m~? (Memstill®)
110 € m™* (MD-HEX)

Membrane module costs (2,020) 30 € m 2 Memstill®)
35 € m~? (MD-HEX)

Annual depreciation installation 10 %

Annual depreciation membrane module 25 %

Maintenance installation 3 %

Interest 5 %
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will increase by the presence of high loads of salts in
the surface water. In order to define a benchmark
value, experience from power plants was collected,
resulting in an estimated cost of 3 € m™> of demi-
water (for a production around 12 m®> h™' by mem-
brane technology). In order to evaluate the feasibility
of a future Memstill®/MD-HEX application, the total
estimated distillate cost should be lower than 3 € m™.
In the calculation of the Memstill®/MD-HEX distillate
cost, attention was given to the integration of the
energy benefits resulting from the temperature reduc-
tion of the external heat source and the energy

N. Kuipers et al. | Desalination and Water Treatment 55 (2015) 3506-3518

requirements for cooling down the brine flow in order
to comply with the local discharge limit. As the simu-
lations are made for a maximum temperature of 30°C
(=discharge limit in many European countries) for the
brine flow, only a net energy profit can be expected.

4.6. Memstill®/MD-HEX

Table 5 schematically shows the assumptions for
the techno-economic evaluation of membrane distilla-
tion by Memstill® and MD-HEX. Estimates of both the
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Fig. 4. Effect of temperature (40-90°C) and price (0.1, 1 and 2 € GJ ") of waste heat on the distillation production costs as
a function of its capacity for Memstill® (assuming current membrane module prices of 100 € m 2, in upper graph, and
membrane module prices of 30 € m 2 for future commercial membranes, in lower graph).
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current (non-commercial) membrane module prices
and future commercial installations (2,020) are shown.

Based on the above assumptions, an estimate can
be made of the current and future distillate production
costs with respect to its production capacity, the tem-
perature of the heat source and the costs of (waste)
heat, see Fig. 4. Here, we assume heat prices of 0.1
(assuming the waste heat is available for free), 1 and
2 € GJ7!. Also note that negative costs may be allo-
cated to waste heat once it needs to be removed by
cooling towers or other coolers (see Table 1).

The distillate costs range from about 1 to 8 € m™>,
where the lower limit is realised for high production
capacities, a high waste heat temperature and low
costs of waste heat. For the future, even lower prices
are forecasted once membrane modules are commer-
cially available. In general, the total capital costs
depend on the size of the installation and thus on the

P e

Clased cnaling circuit
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feed flow. At a distillate production rate of 1 m™ h™",
these costs are substantial but at 10 and 100 m > h™*
they are not a significant part of the total production
costs. The capital costs of the membrane modules
decrease with increased waste heat temperatures. The
reason is that at higher waste heat temperatures,
fluxes are higher, and therefore less membrane surface
is needed. Finally, it may be noticed that the price of
waste heat might be the decisive factor for the applica-
tion of Memstill® in a particular business case.

5. Business case evaluation for the power industry

After application of the design and operation con-
straints from Section 4 on the potential test systems as
discussed in Section 3, a techno-economic analysis has
resulted in the identification of three potential interest-
ing business cases for the power industries:

| 00 I S S e

Q= - 1980 kW Q™ 1980 kW
\ T3isC Ta5C 111 ‘I““ /
- = =8 & < T86°C g
A"'-_- - ‘ Iivi-‘- 11va I 340 mih
Air fans
Memstil
Recovery 2.8%
Membrane area 2931 0¥
E-consumption 224 kWh/m*
J TI0re Polishing
Pyt _89mh | \ixed Bed/EDI
TC [
v 331 mh
Prefilter Mermstill concentrate \
100 pn‘:o' High quality boiler feed

Prefilter 200~
500 pm

Surface water
T25'C
340 mth

Fig. 5. Memstill” linked to a high-temperature closed cooling circuit.
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e Memstill®/MD-HEX linked to a high tempera-

ture closed cooling circuit (see Fig. 5).

As closed cooling circuits are widely spread
within the power industry (and the industry in
general), it can be expected that there is a
potential market for industrial implementation.
For further tests, they should be focused on
high-temperature circuits.

MD-HEX linked to a turbine lubricating oil
circuit (see Fig. 6).

This commonly used cooling circuit in power
plants should be considered as a vital part for
power plants. So, pilot tests and/or industrial
implementation can only be approved after a
series of successful lab tests and in accordance
with the turbine supplier.

/—I]I]IIII[IIIIIII”“‘“’-& pefter 4

Closed oooling crcuit

e Memstill® linked to the FGD waste water basin
(see Fig. 7).
There could be a potential market for coal fired
power plants in Europe. Nevertheless, first of all
the impact of fouling/scaling of the FGD water
on the heat exchanger should be tested
thoroughly on lab scale before further upscaling.

Based on the results of (some of) these test cases,
the accomplishment of a detailed techno-economic
evaluation will result in the final selection of a Mem-
still®/MD-HEX business case. Lab and pilot tests are
needed in order to collect the indispensable(practical)
input for the further development of the Memstill®/
MD-HEX model, technical evaluation of Memstll®/
MD-HEX applications and to be able to perform a
detailed benchmark study.
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Fig. 6. MD-HEX linked to a high-temperature closed cooling circuit.
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Fig. 7. Memstill® linked to FGD waste water basin.

6. Conclusions

Based on conceptual designs several potential
business cases have been identified for power plants
to utilise waste heat from cooling water to make
high-pressure boiler feed water at costs below
3 € m° based on two innovative membrane
distillation concepts: Memstill® and MD-HEX. These
are:

(1) Memstill/MD-HEX linked to a high-tempera-
ture closed cooling circuit.

(2) MD-HEX linked to a turbine lubricating oil
circuit.

(3) Memstill linked to the FGD waste water basin.

Memstill and MD-HEX behave as demi-water-pro-
ducing once-through coolers. Due to utilisation of
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waste heat, much less electricity (0.75 kWh md) is
needed for the production of demi-water relative to
other technologies (reverse osmosis: 2-3 kWh m™), i.e.
the COs-emission for water production may be
reduced to 50-75%, thus about 0.8 kg CO, m > water
produced.

Memstill also behaves as a waste heat consuming
demi-water producing technology. Thus, for cases
where both high-quality water is required and waste
heat has to be removed, less heat needs to be dis-
charged for additional cooling. Then, the intake of
additional cooling water can be reduced which also
results in decreasing emissions of GHG and cooling
water chemicals.

By utilising the remaining waste heat effluent
stream from Memstill for other purposes, such as the
recovery of desiccants for climate control, an addi-
tional 30-50% electricity reduction can be realised rela-
tive to climate control technologies driven by fossil
energy. Thus, by cascading Memstill in new waste
heat-water—desiccants networks, the overall utilisation
of waste heat can be significantly increased.

A detailed techno-economic evaluation including
technical demonstration of these cases is needed for
the validation of these business cases. This asks for
lab and pilot tests to collect the indispensable(practi-
cal) input to minimise the risks for technical demon-
stration, for further development of design models
(Memstill/MD-HEX model), and to be able to perform
a detailed benchmark study.
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