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RO of Evaporator condensate,

of NF permeate and of RO permeate

The main challenge: The water contains a little BOD. However, there is plenty to make it biologically very active.


Slime formation and bacteriological problems are guaranteed unless the condensate is treated as a dairy product. This includes the storage tank, the membrane plant, feed system and the complete distribution system. All should be dairy standard and all must be cleaned and disinfected regularly.


In case a non-dairy membrane system is in use, then experience shows that sanitizing with heat at least twice per week can keep the plant in good conditions. 


The RO permeate shall be used within minutes to ensure so good quality that it can replace tap water. If permeate is stored for any period of time, then it must be considered “dirty” and it can not replace tap water.


The RO plant shall operate 24 hours per day. Standstill for more than 20 minutes requires cleaning and disinfection.


Alkaline dairy-style cleaning every 24 hours is recommended.


Heat treatment is a highly recommended method for disinfection. A dairy style plant can be disinfected with bisulphite only. But even here heat is preferable.

Pretreatment.

· Mandatory: pH must be adjusted to approximately 7 (range 6,5 - 7,5).

· Cartridge filters (temperature stable) are recommended as police filters.

The old rules of thumb still apply.

1. At 90% permeate recovery the BOD in average permeate is 10% of BOD in feed

2. At 25 bar a flux of 30 lmh is realistic. Obviously the development of low pressure RO membranes will have an impact on the operating pressure.
3. After heat treatment the water flux will drop by 50% and then remain stable for monts.
4. Watch out for pressure. The permeate quality will become bad if the operating pressure is significantly lower that the specified pressure for testing.

5. Good quality condensate has <100 mg/l BOD.

5.1. A single pass system is possible when BOD is <100. But it is still strongly recommended to use a recirculation system.
5.2. A recirculation system will always work and is mandatory when BOD>100

Conductivity and BOD/COD.


The conductivity in RO permeate will be low. Typically in the range 10 to 20 μS. It will in any case be considerably lower than the conductivity in the raw water treated. 


The Conductivity and the COD/BOD value is not related. However as the membrane gets more loose with age both conductivity and BOD/COD will increase. 

Use conductivity to detect a sudden break in a membrane or to detect an unwanted surge of solids, e.g. from droplets carried over in an evaporator,

An imperical correlation between conductivity can be established when a plant is commissioned. Consequently it is recommended to measure permeate conductivity and use it as a measure for permeate quality.


A conductivity meter is a rather robust piece of equipment which can tolerate rather extreme pH and temperature. Be aware that it does not tolerate pressure well.

The following can be calculated (by the spreadsheet Papp.XLSX)

	
	Known: TSF

(TS in feed)
	Known TSP

(TS in permeate)

	
	At TSF = 100 mg/l

you get
	At TSPaverage = 5 mg/l

you can have

	95% recovery
	12,2 mg/l in TSPaverage
	41 mg/l in TSF

	90% recovery
	10 mg/l in TSPaverage
	50 mg/l in TSF

	80% recovery
	8 mg/l in TSPaverage
	62 mg/l in TSF

	70% recovery
	6,9 mg/l in TSPaverage
	72 mg/l in TSF

	60% recovery
	6,1 mg/l in TSPaverage
	82 mg/l in TSF

	50% recovery
	5,1 mg/l in TSPaverage
	92 mg/l in TSF


Two case stories: 

ARLA Foods, Nr. Vium, Denmark
(File EvapCond)

DairyGold, UK




(File EvapCond2)

	
	Single pass

Water plant design
	Recirculation

Dairy plant design

	Cross flow
	Often low
	Often high

	Element
	FRP wrapped - often

Sanitary outer wrap - rare
	Sanitary outer wrap - always

	Housing
	Often FRP
	Always stainless steel

	Piping
	Often PVC
	Always stainless steel

	Cleaning
	Difficult / impossible
	Possible

	Disinfection
	Difficult / impossible
	Possible. SO2 or heat

	CIP facility
	Usually not included
	Included.

	Element OEM price
	Water style US$ 500
	Dairy style US$ 800

	Investment (>50 m³/h)
	~100 €/(m² memb. area)
	~200 €/(m² memb. area)

	Element type
	Production, max. °C
	Heat treatment, max. °C

	Standard water

Hot water sanitizable 

High temp. products
	50°C

50°C

85°C
	N. A.

85°C

85°C

	Permeate quality
	Questionable
	Fine

	Element life time
	FRP wrap


0,5 Y

High temperature
>2 Y
	Dairy Standard

1 - 2 Y

High temperature
>3 Y

	Warranty on evap. cond.

and permeate
	8040F - none

8040C -HS: standard dairy
	8040C-HS: standard dairy
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