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Sustainable wastewater-management

Waste Water Technologies
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Basics

Food Processing

Semicon and electronics

Chemicals and plastics
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Overview Workshop series

Content of this presentation

Agenda

� Philippine's water and 

wastewater sector

� Wastewater

� Categories

� Water and sanitation cycle

� specification

� Treatment

� in general

� obligations in Philippines

� steps

� summary
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Water - Sanitation
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Philippines 
Water and wastewater sector
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Philippines 
Water and wastewater sector
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Philippines 
Water and wastewater sector

� Only about 7% have access to 
sewerage or wastewater treatment 

programs

� While more than 80% of 

households have septic tanks, 

most are unmaintained. Most 

septic tank dispose of septage in 

the wrong way

� Raw sewage ends up in rivers, 

streams and empty fields, creating 

hazards for anyone exposed to it
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Philippines
Water boby – treatment obligations
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Philippines
example: for FOOD
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1 Preparation 
Phase

1.1 

Planning & 
Organisation

1.2 

Company 
Analysis

1.3 

WW Treatment 
description

1.4   
Development 

Service 
Specifications

2 CAP 
development

2.1 

Technical 
Assessment of 

Assets

2.2 

Option Analysis

2.3

Preparation of 
CAP Report

2.4 

Approval  
Process

3 CAP 
Implementation 

phase

3.1 

Adjustments & 
Main design

3.2 

Tendering & 
construction

3.3 

Commissioning

3.4 

Operation & 
maintenance

4 CAP 
Monitoring 

phase

4.1

Inspection & 
approval

4.2 

Adjustments & 
Monitoring

SME

External 
services

DENR

Main Actors

Philippines
Compliance Action plan
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Categories
Definition

Wastewater

� is water that has been used.

� It is any water whose quality has been adversely 

compromised by anthropogenic (human) influence. 

� It can originate from a combination of domestic, industrial, 

commercial, agricultural activities, surface runoff or storm 

water, and from sewer inflow or infiltration. 

� Treated wastewater is subsequently discharged into 

receiving water/artificial lake/storage tank via a discharge 

pipe. 

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 13

Categories

Industrial waste water 

� serious  pollution  

problems 

� negatives effects  to  

the  ecosystem

� human’s  life

Required limitation for

� Colour

� Turbidity

� Temperature

� Odour

� pH

� total solids  (suspended  and 
dissolved)

� Hardness

� chemical oxygen demand   (COD)

� …

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 14
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Categories

High-concentration

� wastewater may 

sometimes be 

concentrated 

further, treated, 

and recycled or 

disposed as solid 

wastes.

Medium-
concentration

� may be treated on 

site or discharged 

into public sewers.

Low-concentration

� such as indirect 

cooling water may 

be discharged 

without any 

treatment.

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 15

Categories
classification

domestic

Blackwater:

� Organic matter

� Pathogens

� Nutrients

Greywater:

� Organic matter; 

grease

� Nutrients

� Solids

industries

� Organic matter; 

grease

� Heavy metals

� Chemicals

� Nutrients

Rainfall Run-off

� Organic matter

� Heavy metals

� Solids

� Nutrients

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 16
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Categories

blackwater

greywater

Stormwater

Industrial water

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 17

Categories
Origin and types

Domestic

• Black 
water

• Gray water

• (yellow 
water)

industrial

• Chemical

• Food and 
beverage

• Steel

• Textile

• …

agricultural

• Farming

• Irrigation

• Slaughter 
houses

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 18

The treatment of wastewater must be designed specifically for the particular type of 

effluent produced and for the local conditions of discharge 
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Water and sanitation cycle

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 19

Water and sanitation cycle

Wastewater discharge in rivers effects

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 20

�3

�4



� ��� ����	
 ��

	� ��
	 ����

��� � ������ ��

Water and sanitation cycle
Effects in Laguna Lake

9 Pollution of superficial water 
bodies due to unsatisfactory 
treated wastewater

9 Decrease fishery production 
(food chain!)

9 WW related diseases 

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 21

Specification
Sources
� Organic or non-bio-degradable/difficult-to-treat waste 

(pharmaceutical or pesticide manufacturing)

� Extreme pH waste (from acid/alkali manufacturing, metal 
plating)

� Toxic waste (metal plating, cyanide production, pesticide 
manufacturing, etc.)

� Solids and emulsions (paper manufacturing, foodstuffs, 

lubricating and hydraulic oil manufacturing, etc.)

� Manmade liquids (illegal disposal of pesticides, used oils, 
etc.)

� Agricultural drainage, direct and diffuse

� Hydraulic fracturing

� Produced water from oil & natural gas production

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 22
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Specification 
Combination

Wastewater can be diluted or mixed with other types of water in 
the form of:

� Seawater ingress (high volumes of salt and microbes)

� Direct ingress of river water

� Rainfall collected on roofs, yards, hard-standings, etc. 

� Groundwater infiltrated into sewage

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 23

Specification constituents

Wastewater contains:

: Water (more than 95 percent), which is often added during flushing to carry waste down a 
drain;

: Pathogens such as bacteria, viruses, prions and parasitic worms;

: Non-pathogenic bacteria;

: Organic particles such as faeces, hairs, food, vomit, paper fibers, plant material, humus, 
etc.;

: Soluble organic material such as urea, fruit sugars, soluble proteins etc.;

: Inorganic particles such as sand, grit, metal particles, ceramics, etc.;

: Soluble inorganic material such as ammonia, road-salt, sea-salt, cyanide, thiocyanates, 
thiosulfates, etc.;

: Animals such as protozoa, insects, arthropods, small fish, etc.;

: Macro-solids such as sanitary napkins, nappies/diapers, condoms, needles, children's toys, 
dead animals or plants, etc.;

: Gases such as hydrogen sulfide, carbon dioxide, methane, etc.;

: Emulsions such as paints, adhesives, mayonnaise, hair colorants, emulsified oils, etc.;

: Toxins such as pesticides, poisons, herbicides, etc.

: Pharmaceuticals and hormones and other hazardous substances

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 24
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Specification 
Quality 

The quality of wastewater may be defined by its physical, 
chemical and biological characteristics.

� Physical parameters - Temperature, pH, electrical 

conductivity, colour, odour, and turbidity. 

� Chemical Parameters - Chemical Oxygen Demand (COD), 

Biological Oxygen Demand (BOD), Total Organic Carbon 

(TOC), Total Oxygen Demand (TOD), Inorganic chemical 

parameters (alkalinity, salinity, hardness, acidity and 

concentrations of cations such as Manganese, Iron, Anions 

(sulfates, chlorides, nitrates and phosphates). 

� Biological  Parameters - (Coliform, E-Coli, algae, protozoa, 
specific pathogens and viruses)

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 25

Specification 
Challenge

Pollution from untreated wastewater has adverse effects on 
human health: 

� 1.8 billion People use sources of drinking water contaminated 
with faeces. 

� The combination of inadequate sanitation, poor hygiene, and 

unsafe drinking water results into an estimated annual 

burden of 2 million diarrheal deaths (WHO/UNICEF, 2014).

� 663 million peoples still lack improved drinking water 
sources, and global demand for water is expected to increase 

by 50% by 2030. 

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 26
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Specification 
Challenge

� In view of the above, the opportunities from exploiting 
wastewater as a resource are therefore enormous: 

� Safely managed wastewater provides an affordable and 

sustainable sources of water, energy, nutrients and other 

recoverable materials.

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 27

Specification 
Possible damages

� Increased illness or mortality due to ingestion or skin contact 
with contaminated water, raising direct health care cost 
(treatment expenses, lost income) and indirect opportunity 
cost

� It makes additional treatment costs necessary in the drinking 

and industrial water productivity sector

� Farmers loose income due to loss of productive days

� Tourism industry depends on environmentally attractive 

areas; poor water quality deters tourists, lowering revenue to 
the government.

� The use of wastewater containing toxic wastes can cause an 

increase in water-borne diseases and environmental 
degradation

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 28
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Specification 
Possible damages

� It can also affect groundwater quality when nutrients leached 
to the sub-soil polluting underground water;

� Near surface aquifer in intensely irrigated areas using 

wastewater can become polluted, thereby reducing aquifer 

potability.

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 29

Treatment
Water and sanitation process

Production 
facility

Treatment 
system

description

W Intake Water

R Recirculated water

G Gross watter applied

CR Consumtive use for recirculation 
system

CP Consumtive use for production 
system

CD Consumtive use for waste water 
disposal s system

D Waste water discharge from the 
production process

E Final effluent from the production 
unit (available for reuse?)

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 30
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Treatment 
necessary activities: Department of Environmental and natural Resources
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Treatment 
Waste water - philosophy

Traditional sanitary approach

� if you are a food processor you 

produce wastewaters, and for 

that you have to develop 

processes and equipment to 

treat that wastewater.

Better approach

� The most important aspect of 

this approach is that wastewater 

problems are generally 

associated with organics (BOD) 

in the effluent which are food 

products diluted in water.
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��

��



� ��� ����	
 ��

	� ��
	 ����

��� � ������ �6

Treatment 
Waste water - reuse

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 33

� Discharge directly to a municipal treatment plant

� Pretreatment and discharge to a municipal treatment plant

� Treatment plan on site

� Stream discharge or land application

Treatment
options

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 34
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Treatment
aspects

Agricultural wastewater 
treatment process

Wastewater treatment 
plant

Industrial waste water 
process

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 35

Treatment
Legal framework for wastewater system in Philippines
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Treatment
Legal framework for wastewater system in Philippines
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Treatment steps

Preliminary 
Treatment

1

Primary 
Treatment

2

Secondary 
Treatment

3

Tertiary 
Treatment

4
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WWTP with 4 Steps

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 39

Preliminary treatment

� Removal of coarse solids by interception – racks and coarse 
screens (hand-cleaned or mechanically cleaned);

� Removal of grit, sand and gravel - grit chambers;

� Equalization (equalization of flow and mass loading of BOD 
and TSS) -equalization tanks;

� Removal of oil and grease – oil and grease tanks.

� Pre-aeration (control of odors, improve treatability, removal of 
grease and grit)

� Flocculation

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 40
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Preliminary treatment 
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Preliminary treatment 
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Primary treatment

� Removal of settleable solids and floating material (removal of 
organic and inorganic suspended solids) 

� Primary sedimentation tanks (rectangular or circular)

� Primary sludge (typically 3 to 5% solids concentration)

� Efficiencies: TSS (50 – 70 %) ; BOD5 (20 – 50 %); Bacterial 

removal (25 – 75 %)

� Enhanced Primary Treatment (with added chemicals: alum, 

iron salts flocculation)

� Physic-chemical treatment (inorganic loaded wastewater)

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 43

� Detention time – 1,5 to 2,5 h (average flow)

� Surface loading Rate (SLR) – 30 to 120 m³/m²/day (average 
to peak hourly flow)

� Depth - >3m

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 44

Primary treatment
main design criteria
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Secondary treatment
(Biological)

Attached-growth treatment (Bio-film) processes

• Biological treatment processes
• Microorganisms responsible for the conversion of the organic matter 

are attached to some inert medium, 

• Materials: rocks or specially designed ceramic or plastic materials

Suspended-growth treatment (active sludge) processes

• Biological treatment processes
• Microorganisms responsible for the conversion of the organic matter 

are maintained in suspension within the liquid

Pond processes

• Biological treatment by natural processes, involving the use of bacteria 
(and/or algae)

• Several ponds: anaerobic, facultative, aerobic, maturation

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 45

Secondary treatment 
Attached Growth

Trickling filters Bio disc reactors
Packed-bed 

reactors

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 46
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Secondary treatment 
Design Information for Trickling Filters

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 47

ITEM Low rate Middle rate High rate

Filter medium Rock, slag Rock, plastic Plastic

Hydraulic load [m³/m²*d] 1 - 4 9 - 30 30 - 84

BOD5 load [kg/m³*d] 0,08 – 0,40 0,5 – 1,0 0,5 – 1,6

Depth [m] 1,5 – 2,4 0,9 – 1,5 3,0 – 12,0

Recirculation ratio 0 1 – 2 1 – 2 

Feeding intermittent continuous continuous

BOD5 removal efficiency 80 – 90 68 – 85 65 – 80 

Secondary treatment 
Suspended Growth
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The theoretical oxygen requirement:

6 CO2 + 6 H2O + 2826 Joule Ă C6H12O6 + 6 O2

inorganically material

O2

organically material

heterotrophic 

organisms (animals, 

bacteria, fungi)

autotrophic organisms

(plants)

Kal.
Kal.
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Secondary treatment
Suspended Growth

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 49

Activated-
sludge

processes

]^_`a_bc^_de
fgehijke^lm

]^_bc_h^hnj
ke^l nbcooapj

bd_q

rsba_pap
daodbc^_

tscpdbc^_
pcbuv

wciv ghocbx
^scia_

Secondary treatment 
Suspended Growth
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Secondary Treatment 
Design information for suspended growth processes

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 51

ITEM
Conven-

tional
Complete -

mix
Extended 
aeration

High purity 
Oxygen

Oxidation 
ditch

Volumetric load [kg 
BOD5/m³*d]

0,3 – 0,6 0,8 – 1,9 0,16 – 0,4 1,6 – 3,2 0,08 – 0,5

F / M ratio [kg 
BOD5/ kg 
MLVSS*d]

0,2 – 0,4 0,2 – 0,6 0,05 – 0,15 0,25 – 1,0 0,05 – 0,30

Depth [m] 3,5 – 6,0 3,5 – 6,0 3,5 – 6,0 3,5 – 6,0 2,5 – 4,0 

Recirculation ratio 

QR / QI [%]
25 - 75 25 - 100 50 - 150 25 - 50 75 - 150

Sludge retention 
time [d]

5 - 15 5 - 15 20 - 30 3 - 10 10 - 30

Secondary Treatment 

Pond 
systems

Anaerobic 
ponds

Facultative 
ponds

Aerobic 
ponds

Maturation / 
Oxidation 

ponds

Mechanically 
aerated 
ponds

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 52
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Secondary treatment 
Pond systems

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 53

Secondary Treatment 
Design Information for Pond Systems
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ITEM
Aerobic, 
low rate

Aerobic 
maturation

Facultative Anaerobic Aerated

Detention time [d] 10 – 40 5 – 20 5 – 30 20 – 50 3 – 10 

Depth [m] 0,9 – 1,2 0,9 – 1,5 1,2 – 2,4 2,4 – 4,8 1,8 – 6,0

Operation Series or 
parallel

Series or 
parallel

Series or 
parallel

Series Series or 
parallel

Volumetric load [kg 
BOD/ha*d] 

67 – 135 < 17 56 – 202 224 – 560 20

BOD removal [%] 80 – 95 60 – 80 80 – 95 50 – 85 80 – 95 

Suspended solids 
effluent [mg/l]

80 – 140 10 – 30 40 – 60 80 – 160 80 – 250 
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Tertiary treatment 
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Removal Treatment method

Total suspended solids 

(TSS) 

• Filtration and microscreening 

Microorganisms 

• Sand filtration 

• UV disinfection 

• Maturation ponds 

• Disinfection with chlorine or ozone 

• Membrane technologies (microfiltration) 

Nitrogen • Nitrification /denitrification 

Phosphorus • Chemical precipitation 

• Biological processes 

Special substances • Physical-chemical processes

Tertiary treatment 
Filtration and Disinfection 

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 56
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Tertiary treatment 
Sludge WW Treatment

Main purpose:

� sludge stabilization � control of pathogenics and odor

� dewatering �reduce the water content in the sludge

� Energy recovery � Methane

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 57

Treatment steps

• Solid waste removal

• Simple
• Low costs, simple handling

Primary 
Treatment

• Carbon, nitrogen, Phosphorous removal

• Moderate costs, high know how,                          
stable operation

Secondary 
treatment

• Polishing of the effluent by filtration                            
or disinfection

• High costs und know how

Tertiary 
treatment

• Removal of medical residues

• Removal of finest particles
• Very hifh costs and know how

Advanced 
treatment

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 58

< 40%

< 85%

< 99%

> 99%
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Summary
Requirements

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 59

Summary 
Closes loop

Prevention 

Reduction of volume and harmfulness 

Recycling

Product recycling

y Reuse 

y Further use 

Material recycling

y Reuse 

y Further use 

y Energy recovery 

Disposal 

Environmentally correct removal out of the circular flow

Prevention

Recyling

Disposal

05.07.2021 © Dr. Jürgen Wummel   WWT - Basics 60
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Summary 
General criteria for WWTP selection
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Wastewater quality and quantity

Typical efficiency and performance of the technology

Reliability of the technology 

Manageability (by own or external)

Financial sustainability, application in reuse schemes 

Regulatory determinants, special conditions

Summary
Comparison of effluent quality in different WWTP
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WWTS BOD
Suspended

solids
Ammonia Phosphorous Faecal coliform

Septic tank 60% 40-70 mg/L 40-60 mg/L 6-7 mg/L 1-2 Log removal

Septic tank + soil 0-10 mg/L 0-10 mg/L 0-40 mg/L 0-2 mg/L 6-7 Log removal

Lagoons 20-30 mg/L 30-80 mg/L 20-30 mg/L 5-7 mg/L 3-5 Log removal

Wetlands 5-30 mg/L 5-20 mg/L 5-15 mg/L 0-10 mg/L 1-3 Log removal

Preliminary treatment 0% removal 0-10% removal 0% removal 0% removal 0 Log removal

Primary treatment 25-40 % 
removal

40-70 % removal
0-10 % 
removal

0-10 % removal 0-1 Log removal

Primary treatment

chem. enhanced

45-65% 
removal

60-82% removal ni ni ni

Secondary treatment

5-40 mg/L

86-98% 

removal

5-40 mg/L 

89-97% removal

1-10 mg/L
5-10 mg/L 1-2 Log removal

Nutrient removal 5-30 mg/L 5-30 mg/L 0.1-5 mg/L 0.1-1 mg/L 0-1 Log removal

Disinfection 0% removal 0% removal 0% removal 0% removal 5-6 Log removal
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Summary
Planning stage analysis
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Invest time in assessing needs, resources and 
capabilities.

Evaluate the characteristic factors of the 
neighborhood.

Consider alternatives for cluster WWT solutions (Off-
site treatment), disposal and management

Bear in mind the cost and complexity of operations, 
maintenance, and management.

Summary 
Project costs vs. planning stage
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Summary 
Recommendations

� Rather than letting water literally go down the drain, this 
precious commodity has to be reused, recycled and used as 

efficiently as possible. Most especially, wastewater MUST be 

reduced.

� Wastewater should no longer be seen as a problem, but as 

part of the solution to challenges that all societies are facing.

� Treated wastewater can be a cost-efficient, sustainable, safe 

and reliable alternative source of water for a variety of 

purposes – from irrigation and industrial uses to drinking 

water, particularly under conditions of water scarcity. 

� For this, we need to change mind-sets, to raise awareness 
and redouble educational efforts to share the benefits of 
wastewater reuse
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Dr. Jürgen Wummel
Managing Director

Office:
Stephanstrasse 4
04103 Leipzig
Germany

Tel       +49 - 341 - 969  3265 info@sachsenwasser.com
Fax      +49 - 341 - 969  3366 www.sachsenwasser.com

Thank you for your attention
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