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Name: John Morken, section architecture and environment, 

water and environment group

Research/teaching: Anaerobic digestion, modeling GHG 

emission and ammonia emission, solid waste management, 

Life cycle assessment

Goals for the lecture

Basics of the process

Sub-processes

Process parameters

Plant design

Use of gas

Use of digestate

Recovery

Resource-/environmental challenges,

Life cycle assessment
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Practical plan

• 10.30 – 11.00 Introduction

• Basics

• Reactors and equipment.

• Nutrients

• 11.00 – 12.00 Principles

• Microbiology

• Potentials

• 13.00 – 14.00 Calculations

• Design of plants

• Energy calculations
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Problem statement

• “the greatest challenge in the water and sanitation sector over few decades will 

be the implementation of low-cost sewage treatment that will at the same time 

permit selective reuse of treated effluents for  agricultural and industrial 

purpose”. (the World Bank)
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Goals for the treatment

Energy

Hygiene

Recovery of nutrients



Reactor technology - principles
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Liquid feedstock: Two principles for reactors (< 10 -15 % d.m.): 

1. Micro org. living on particles in substrate (CSTR) 

2. Micro org. living permanent in the reactor (d.m. < 1 %)

a) Granules (i.g. USAB, ABR)

b) Biofilm

3. High dry matter feedstock: 

1. percolation 

2. Plug-flow 



Design – Components CSTR

• Reactor

– Concrete (Steel, Glassfiber)

• Stirring equipment

• Heat exchanger (CSTR) 

– Normally not (UASB and ABR))

• Storage of gas
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Anaerobic digester –

Biogas settler (BS)



Anaerobic baffled reactor (ABR)
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Anaerobic filter
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Upflow Anaerobic Sludge Blanket (UASB) reactor 
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• Temperature and investments

– Need of external heating?

• Dry matter of the feedstock

– < 1 % BS, UASB, ABR

– < ~3 % ABR

– > 3 % CSTR or PFR
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Chose the reactor type according to



Simple reactors – performance
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Destruction of pathogens
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Nutrients
Why do plants need N,P,K?

Plants need seventeen essential nutrients to complete their life cycle (Mahler, 

2004). Depending on the quantity of a nutrient needed, these are categorized 

into macronutrients and micronutrients. Macronutrients are needed in relatively 

larger amounts, compared to micronutrients. Each nutrient has a vital role in 

plant growth. 

•Nitrogen (N) is an integral part of the plant cells. It constitutes plant 

proteins, hormones, and chlorophyll. 

•Phosphorus (P) plays a vital role in transferring energy from the 

sunlight to the plant tissues. Specifically, electrons in the molecules of 

chlorophyll are activated by the sunlight(red and blue light). The 

excited electrons transfer energy to ADP and NADP (P-containing 

molecules), which then convert into ATP and NADPH. ATP and 

NADPH drive many processes in living cells. P also accelerates early 

root growth and stimulates maturity in plants. 

•Potassium (K) stimulates the process of the formation of starches, 

sugars, and oil in plants. It improves fruit quality. Further, it helps the 

movements of these elements within the plants. It increases the vigor 

of plants and helps increase disease resistance.
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Contributions to household wastewater, g/p,yr

(kg/p,yr for mass and mg/p,yr for Cd)
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Refs: Jönsson et al., 2005. Composition of urine , 

faeces, greywater and biowaste ; 

For P in greywater: Ek et al., 2011. Teknikenkät 
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Impact of AD on nutrient value 

and availability in digestate
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From blackwater and organic waste to fertilizer26

N-flux

Blackwater Organic waste

Treatment

Storage

Application

Crop utilization

Farm

(NH3)

NH3, (N2O)

NO3
-

Air

Water



Composition of biogas

Compound Unit AD gas

Methane Vol-% 50-70

Carbon dioxide Vol-% 30-50

Nitrogen Vol-% 0-5

Oxygen Vol-% 1

Hydrogen sulphide

mg/m3

Ppm

Vol-%

100-10000

10-5000

0,5

Ammonia

mg/m3

Ppm

Vol-%

0-100

0-50

0,05

Siloxanes mg/m3 0-50

Water vapor Vol-% 1 – 5 

Aerobic digestion

Biogas cleaning

B
io

g
a
s

Biogas for 

cooking

Biogas 

Upgrading

Biogas for 

CHP

Fuel for vehicles/ 

Gas grid injection

Heat recovery

Power (el)



Heat/Cooking
• Heat/cooking:

– Common in China, India, 

African countries

– Suitable for household plants

• District heating (big plants)

– 75-90 % used energy

– > 1000 ppm H2S

– Egnet for fjernvarme?
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CHP
• More common in countries like Denmark, Germany, Italy, France, 

England, ond others because power from biogas is regarded as 

renewable and CO2-free energy

–Internal combustion engine (ICE) (30 – 40 % el)

–Stirling engines (<30 % el)

–Micro turbine (~30 % el)

• H2S 

–ICE/SE < 200 ppm

–Micro turbine 

< 50 ppm
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Summing up

• AD is old technology

• Used for sanitation of sewage sludge

– Different technology and treatment temperatures determines the reduction 

potentials of pathogens

• Nutrient recovery

– P is mineralized and available

– N – most in urine in the form of ammonia



When planning you want to know

• How much energy will the reactor produce?

• How big should the reactor be?

• What HRT should I use

• The engineer would ask:

– What feedstock do you have?

– What is the mass/volume of the feedstocks?



What to do

1. Calculate the total t.s. and VS

2. Decide if you have to add water (t.s. should be max. 15 % for pumps and pipes in 

heat exchanger)

3. Choose OLR and calculate HRT or choose HRT and decide if OLR is OK.

4. According to chosen HRT how much should BMP be reduced?

5. Calculate methane production multiplied with % of BMP

6. Mulitiply the answer with heat energy needed if you cannot use external energy.
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