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Presentation overview

Some aspects of limnology and
resource recovery (brief)

- Wastewater treatment options in

~ pristine areas
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: Phosphorus is the major agent
triggering eutrophication in freshwaters
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Source separation of wastewater

HOUSEHOLD

Source-sefaraton

(Alsen and Jenssen2005)
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Content of nutrients and volume in
wastewater fractions
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Content of nutrients and volume in
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1% of the volume contains 80 - 90% of the resources
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Contribution from
the toilet

* 90 % of N

* 80 % of P

* 80 % of K

* 40-75 % of org. matter

* Majority of the pathogens
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Package treatment plants
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Package treatment plants - BOD

(NGWN) SFONTIDS 3417 40 ALISYIAINN NVIDOIMYUON

23 S A I R

— Johannessen 2013
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Package treatment plants - BOD

Most systems do meet the BOD
requirements

S N R T

Anlegpme. Johannessen 2013
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Package treatment plants -
phosphorus (P)

(NGWN) SFONTIDS 3417 40 ALISYIAINN NVIDOIMYUON
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Package treatment plants -
phosphorus (P)

Many systems does not meet the
performance requirements for P

(NGWN) SFONTIDS 3417 40 ALISYIAINN NVIDOIMYUON
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Package treatment plants

® Can operate several months without maintenance
® BOD removal good

® Phosphorus removal is maintenance dependent

® Nitrogen removal is low < 40%

® Not tested for cabins with seasonal use

® Limited experience with greywater

® Needs a polishing step

www.umb.no
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Septic tanks
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Septic tanks

Removal
Nitrogen < 10%
Phosphorus < 10%
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Biofilter with P - filter for greywater
treatment
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Biofilter with P - filter for greywater

treatment Treatment

Organic matter(BOD):
80 - 90%

Suspended solids (SS):
90%

Phosphorus (P):

20 - 30 (90*) %
Nitrogen (N)

20-40 %

Indicator bacteria:

2-3 log reduction
*with P-filter
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Biofilters

® \Well suited for cabins and greywater
e ® High BOD removal
® Good bacteria removal
® Need a solution for the toilet waste (blackwater)
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Setermoen, Bardu munlc:lpallty, Norway"’
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Setermoen rapid infiltration plant -
treatment performance

Parameter 1986 - 95 1996 - 2013
Total - P 99 99
Total - N 77 59
; COD 87 90
N@ From: Jenssen et al. 2014
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2 Shallow infiltration

Network of infiltration
units

Inflitratlona q= K(D)

Unsaturated zone

Percolation

Capillary zone e —>

Groundwater zone q= K%

| U
B
M_TJ Figure from Siegrist (2010)
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Y,

Shallow infiltration

Network of infiltration
units

g= K(Q)*i

Capillary zone e —>

- Groundwater zone q= K*i

l U
B
M_TJ Figure from Siegrist (2010)
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Y,

Shallow infiltration

Treatment

Organic matter(BOD):

> 90%

Suspended solids (SS):
..f' > 90%

"._f:‘ﬁi;tratigm‘f Phosphorus (P):
l,??er‘:?..oﬁ?l?n Nitrogen (N)
o 30 - 80 %

v v Vv Vv v

: . 1 Indicator bacteria:
Capillary zone G nde _
4 -6 log reduction

Groundwater zone

48
B
M_TJ Figure from Siegrist (2010)
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Drip irrigation systems

Disk filter Network of plastic
Tank-based  and hydraulic  tubing with emitters

4 PR ' placed in the root zone
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Drip irrigation systems

Infiltration and
movement away
right at emitter
location

Flow along tubing
and infiltration into
soil along the
tubing line

Drip tubing with
an emitter

21

From Siegrist 2010
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Drip irrigation systems - treatment

reatment

ﬂﬂﬂﬂﬂﬂﬂﬂ

(SS):

.........
ﬂﬂﬂﬂﬂﬂﬂﬂ

''''''''''''''''' == UL Ll L L - e 90%
"'Dfi’ Dispersal ~ Phosphorus (P):
Vadose zone v g v  71590%

Capillary fringe | \Nitrogen (N)
\\"\: >30-70%

roundwater i ia;
G zone From Siegrist 2010 Indicator bacteria

4-6 log reduction
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Drip irrigation systems - treatment

reatment

—————————
MEuMMTT™
... -
lainlale i ol ol

"' Dfi’ Dlapenal "“ Phosphorus (P):
® Drip dispersal can achieve equal or better treatment than
subsurface infiltration and percolation to groundwater

! D o 1:': j j ' j' ; ';'\'
| >30-70%
Groundwater zone From Siegrist 2010 Indicator bacteria:

4-6 log reduction

www.umb.no
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Drip irrigation systems - treatment

® Drip dispersal can achleve equal or bettertmaﬂnent than
subsurface infiltration and percolation to groundwater

& an dispersal into shallow soill and the r;ot zone of plants
should have high treatment efficiency for organics like
pharmaceuticals and consumer product chemicals

|—l_ U (Conn et al. 2010)
B
Mt

From Siegrist 2010
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Different buried infiltration
systems
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Soil infiltration systems

® \ery high treatment performance
g ® Robust and simple solution
® Suitable for cabins as well as larger installations
® Suitable for polishing and dipersing pretreated effluent

® At bingvallavatn shallow, mound drip disposal/
shallow systems is the most feasible
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Constructed wetland / f|Iterbed
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Constructed wetland / filterbed

Treatment

Organic matter(BOD):
> 90%

Suspended solids (SS):
> 90%

Phosphorus (P):
> 90* %

Nitrogen (N)

30-60%

Indicator bacteria:

4 -5 log reduction

*10 - 15 years

www.umb.no
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Compact filterbed system

Biofilter

..-...... DA { :.- :..'- ..-
h o et e ey e et et te ety
o o

I-.
"
o
)
L

a8 tynty
--
Mt antantyet,

DT
"
"
.
"
NI

D
.
-

b e,

Septic tank Upflow filter

(Heistad et al. 2006)
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Kompakt filter

Treatment
Biofilter Organic matter(BOD):
> 90%
Suspended solids (SS):
S Phosphorus (P):
> 90* %

: Nitrogen (N)
T 30 i 60 %

Indicator bacteria:

4 -5 loi reduction

(Heistad et al. 20006)
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Constructed wetland/filterbed - reuse
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Used filter material is comparable to mineral fertilizer
ith respect to P. It is also a good soil amendment
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Future toilet types

» Composting /dry sanitation
e Urine diverting

» Water saving (vacuum&gravity)

e Incinerating

www.umb.no

0 - 0.1 liter/visit
0.1 - 4.0 liter/visit

0.5 - 1.5 liter/visit
0 liter/visit
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Future toilet types

» Composting /dry sanitation
e Urine diverting

» Water saving (vacuum&gravity)

» Incinerating

www.umb.no

0 - 0.1 liter/visit
0.1 - 4.0 liter/visit

0.5 - 1.5 liter/visit
0 liter/visit

tirsdag 2. juni 15




Incinerating toilet

Advantages
» Uses electricity or gas
e Uses no water
e Ash as residue

Disadvantages
e Energy consumption

e Technically complex
e Capacity

e Smell

e Loss of nitrogen

www.umb.no
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Future toilet types

(= Composting /dry sanitation 0 - 0.1 liter/visit )
e Urine diverting 0.1 - 4.0 liter/visit
» Water saving* 0.5 - 1.5 liter/visit
*(vacuum&gravity)
www.umb.no
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Composting toilets

Ventilation pipe Ventilotion pipe

Household
Toilet waste

A B C
A: single chamber  B. Dual chamber C: Removable compartments

www.umb.no
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Composting toilets

® Reduces waste to
10 — 30% of
original volume

® 50 — 150 liters per
person and year

(Del Porto and Steinfeld 2000)
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Composting toilet at a roadside facility - Sweden

Elected the best
roadside facility
in Sweden 2003

]

Av Motormannens Riksforbund
utsedd till

Basta
Rastplats

2003

W W
B

M
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Composting toilet at a roadside facility - Sweden

Clean odourless
toilets

www.umb.no
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Antartica 2001
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Troll research station
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Norwegian University of Life Sci

composting
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Secondary composting

re A
555 ‘.l_'/ ’\ /::'\; _s Reactor —t = Top = m aMiddle
50; ;7’\ Q\ l" ’\ \\“ =g = Bottom Surfage — Room
455 Y /P \ M -"/'/]l \ ‘\\ = Bark & Mixing A [Process water
405 J/ \'/,' \‘\ 5 -
5 Il / \\ l W\ f':\\;\h
N ] \ . ~—
-E 305 Il/ J \ \‘ '// ~ '\ﬁk—}‘:—“
g 25% I%/\ \\ '/; =~ ~
ol ! v
152 e
105 \ ]
53: s S
Day Coliforms (MPN)
Total (37°C) Thermo-tolerant (44°C) E. coli (44°C)
24 13X10° 1.7X 108 2.0X 10’
36 1.3X10° 2.0X 108 <2.0X 10’
50 7.0X107 <2.0X10° <2.0X 10°
69 4.0X10° <2.0X10° <2.0X10°
232 14X10* <20X10* <20X10*

Secondary composting can
produce a safe soil amendment in
about two months
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Dry toilets

...--:;\‘j“’ J SeCOndary
composting opens for
professional collection
and treatment of
material from
composting toilets-
thus reducing risk

www.ecosan.no
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Future toilet types

In order to collect excreta we have to use very water efficient toilets. Such
«future toilet types» are commercially available today.

» Composting /dry sanitation 0 - 0.1 liter/visit
(" e Urine diverting 0.1 - 4.0 liter/visit )
» Water saving* 0.5 - 1.5 liter/visit
*(vacuum&gravity)

www.umb.no
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Urine diverting

(a) (b)
Dual flush: aand b

toilets

(¢) (d)

Single flush: cand d

www.umb.no
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Urine diverting toilets

Single flush system

Source: Wost Man Ecology AB
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Urine diverting toilets

Single flush and dry composting of fecal matter at
Tingvall conference center Sweden

Photo: P.D. Jenssen

www.umb.no
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Urine diverting toilets

Single flush and dry composting of fecal matter at
Tingvall conference center Sweden

Photo: P.D. Jenssen
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Urine diverting toilets

Dual flush system
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Source: Wost,Man Ecology AB
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Urine diverting toilets — dual flush system

Storage tank

Fertilisi
(Jonsson et al. 2r800)

* Urine flushed with 0.1 — 1,6 liters

* Faeces - flushed with 2 - 4 liters

www.umb.no
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Waterless urinals

In waterless urinals urine is collected without the use of water. Provided
the urinals are cleaned once per day there is no smell from these urinals.

\-- S
i
| G

v Kastrup airpdrt
\Qop‘enhagen '

Photo: P.D. Jenssen
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Waterless urinals - Female and male

Male (and female)

Female

|
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Yield - urine vs. mineral fertilizer

Urine is a good fertilizer and gives yields comparable to mineral fertilizer.
The graph below is from and experiment in Norway.

4000

Urine Mineral fertilizer
3000

2000
1000 I I I
77,500

60kg 80kg 100kg 120kg Okg 60kg 80kg 100kg

Yield kg/ha

(Cottis 2000)
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Storing of urine

General rule:
6 months to achieve hygienization

Both pillow tanks and tanks of
harder material as polyester can
be used for storing of urine

Photo: Eco San Res

www.umb.no
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Future toilet types

In order to collect excreta we have to use very water efficient toilets. Such
«future toilet types» are commercially available today.

» Composting /dry sanitation 0 - 0.1 liter/visit
e Urine diverting 0.1 - 4.0 liter/visit
( = Water saving* 0.5 - 1.5 liter/visit )
*(vacuum&gravity)
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Low flush toilets

Vacuum Gravity
0.5 - 1.5 liters/flush 1 liter/flush

www.umb.no
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Contemporary Scandinavian bathroom design
using vacuum toilets

Comfort and design is not inferior using extremely low flush toilets
Photos: P.D. Jenssen

www.umb.no
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» Student dormitories in Norway
28% water saving

115

Vacuum toilet
| 6 Iiter/person/d

Daily water use/person
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Universitetet for miljg- og biovitenskap

Greywater treatment - student dormitories Norway
Average effluent values

Total - P 0,04 mg/l
Total - N 2,2mg/1
BOD 3,9 mg/l

Fecal coli <100/100ml

48 students
Wetland area: 2 m?/student

Foto: P. Jenssen

tirsdag 2. juni 15



=
S
=
m
(0]
—
>
=2
Cc
=
—
<
m
=
(9]
3
o
T
—
—
T
m
(9]
(@]
—
m
=
(@]
m
(0]

Greywater treatment at
Klosterenga Oslo

Effluent values:

Fecal coliforms: <20
Total-N: 2,5 mg/l
Total-P: 0,03 mg/l
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Source separating system - logistics
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Vacuum or low flush gravity toilets

Toilet waste (bléckwater) +
organic household waste (OHW)




Liquid composting at Norrtalje
Municipality, Sweden

Four systems in operation in Norway

More information about liquid composting
see: Jenssen and Skjelhaugen (1994)
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Source separating system - logisitcs
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Direct Ground Injection (DGI)
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. DGI (www moi. no)is a method to |nJect I|qU|d
fertilizer (urine or processed blackwater) without
" loosing to much ammonia. Seeds can be injected
“, - with the fertilizer. Yields comparable to mineral

. fertilizer have been obtained using this technique.
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Source separating system

Biogas, CH,

Blackwater| « "
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Greywater
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Solar powered treatment solutlons for remote/cold areas
. Todt (2015), Todt and Jenssen (2015)
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Source separation of wastewater

HOUSEHOLD

Source-sefaraton

(Alsen and Jenssen2005)

www.umb.no

tirsdag 2. juni 15



Source separation of wastewater

Treatment

Organic matter(BOD):
>95%

Suspended solids (SS):
> 95%

Phosphorus (P):

i ‘.t

ke

| HOU’SEHOLD >95 %
Source-sefaraton
Nitrogen (N)
>95 %

Indicator bacteria:

5 - 7log reduction

www.umb.no
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Source separation
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