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A B S T R AC T

Produced water is a mixture of dispersed oil in water, dissolved organic, and inorganic 
particles. Membrane technology is a potential process to meet future discharge standards 
and regulations on the Norwegian Continental Shelf (NCS). Fouling minimization with back-
pulsing technique was assessed in this study. The infl uence of produced water properties i.e., 
oil concentration, oil types, particles and membrane fl ux during the back-pulsing was inves-
tigated. α-Al2O3 MF membranes (nominal pore sizes; 0.1, 0.2 and 0.5 μm) were tested. Results 
show that control of fouling rates is better at low oil concentrations, low fl ux, larger oil droplet 
size and no fi ne oil/particles. Selection of membrane pore sizes depends on the feed proper-
ties. At low oil concentration (i.e., 50 ppm) and low fl ux (i.e., 250 l.m−2.hr−1 (LMH), a pore size 
of 0.5 μm resulted in the lowest fouling rates, whereas for higher oil concentrations and low 
fl ux and presences of fi ne particles the 0.2 μm pore size performed better. At high fl ux (i.e., 500 
LMH), high oil concentrations and presences of particles the 0.1 μm membrane had the lowest 
fouling rates. A permeate quality of <5 ppm could be achieved even though the oil in the feed 
was increased from 50 to 350 ppm of oil in water.
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1. Introduction

Produced water is a by-product from oil production, 
and consists of dispersed oil in water emulsions, dis-
solved organic compounds, and inorganic particles. The 
composition typically includes residual concentrations 
of chemical additives from the production line along 
with traces of heavy metals and inorganic compounds. 
The total amount of produced water discharged on the 
Norwegian Continental Shelf (NCS) in 2008 was about 
149 million m3, amounting to 1400 tonnes of oil for all 

discharge points on the NCS [1]. The discharges will 
increase in the years ahead, primarily resulting from 
increased water production from the major fi elds on the 
NCS, and increased use of chemicals for enhanced oil 
recovery (EOR) from mature reservoirs. Forecasts show 
that until 2012–2014 the discharge of produced water into 
the sea per year will increase to around 200 million m³ [2]. 
In order to reduce the environmental impact of contami-
nants in produced water, current regulations for instal-
lations on the NCS have set a limit to 30 mg/l of oil in 
water [2].

The main strategy for reducing the pollution from pro-
duced water has traditionally been to reduce the content 
of dispersed oil. One of the reasons behind this strategy is 


