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Figure 1: Running costs without water -
and energy recycling.

INTRODUCTION

» Water and energy are closely linked. Saving water also results
In energy saving as the water sector is considered to be the
largest municipal energy consumer.

» A city like Berlin (3.5 million inhabitants) requires for its water
sector alone as much electrical energy as the electrical
household demand for a city with 280,000 inhabitants [1].
Other cities comparably need more energy for the water sec-
tor.

» In a passive house, hot water considerably needs more en-
ergy than space heating and most of it is lost in the sewer.
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» The energy potential of warm wastewater has not been yet ex- specific yearly
: i i " _ demand demand |unit price yearly costs
PIOIted as aresource fOr r_es_ldentlal COnStrUCtI_On' FOrmer prO Space Heating 15 kWh/m?/a 69.000 kWh/a 0,07 € /kWh (Gas) 4.830,00 € h _ Iti . h . | l | buil
jects suffered from low efficiency and high maintenance. Warm Water Heating 760 kWh/P/a | 93.480 kWh/a 0,07 € /kWh (Gas) 6.543,60 € Photo 1: Multi-storey passive house at Arnimplatz, Berlin-Prenzlauer Berg built
Electricity 875 kWh/P/a 107.625 kWh/a | 0,25 €|/kWh 26.906,25 € for 123 persons (41 dwellings) and covering an area of 4,600 m?=.
Water 122 L/P/d 5.477|m3a 5,00 € /m3 27.385,95 €
total 65.665,80 €

The results presented here are based on a more than 1.5 year

ongoing advanced research and monitoring programme. " |
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Greywater from showers and bathtubs undergoes an advanced physical-biological N ‘ oBs o 2% .
treatment followed by UV disinfection without the use of chemicals. 225 c:%ﬁ. T
The heat energy recovered from greywater is used to pre-heat the cold water for prd B 2o
the building’s combined heat and power plant (CHP). Drinking water cold B L

For a standard passive house, which has a heat demand for space heating of Cold water pre-heating , |
<15 kWh/m®/a, more energy is needed for hot water generation than for space befor entry into bailer H‘_i_i_ﬂ‘_,

heating. A total of 41 flats with 123 tenants occupying an area of 4,600 m2 and

4 commercial units (600 m2) are connected to the greywater/heat recovery SyStem' Greywater inflow, mechanical Bufferand Biological/mechanical Service water supply and
About 3,000 litres of low load greywater are treated daily to produce high gquality pre-treatment and heat biological Lj';:?jf’”ﬁf‘taf‘d backup water supplies
service water which is reused for toilet flushing. fecovery prefreatment sinecton
The filtered greywater enters the heat exchanger, where heat is withdrawn by a 20- ‘ T
W.att. circulating pump_before it undergo_es_ bIOk.)glcal. treatment in a Moving Bed Figure 2: Schematic diagram of the greywater recycling system coupled Photo 2: Greywater recycling combined with heat recovery. The combined
Biofilm Reactor (MBBR) followed by UV disinfection (Fig. 2). . : e .
to heat recovery. system is placed in the basement where the building’s heating system

is also found, occupying an area of 9 m? (approx. 0.1 m?/person).

RESULTS AND DISCUSSION

The water quality of the treatment plant is far better than the hygienic requirements

of the EU guidelines for bathing water, further BOD- is always less than 3 mg/l and Ei 3 Individual and . tal benefits of t i

turbidity < 1-2 NTU. Treatment is without the addition of chemicals and at very low 'gure 2. naiviaual and environmental DENELILS of greywater recyciing com-
bined with heat recovery based on an inflow of 1,000 Litres of raw

maintenance. Greywater Recycling with Heat Recovery Individiial Benefits greywater.
The average greywater temperature is 31 °C. During winter, when drinking water
temperatures are relatively low (approx. 8.5 °C), it was possible to withdraw over
15 KWh of thermal energy per m3 of greywater without the use of a heat pump. The
circulation pump and self-cleaning process of the heat exchanger need about 0.25
kKWh/ms3. During the first year of operation heat recovery with very low maintenance
heat exchangers achieved a coefficient of performance (COP) of 60 in winter and
40 in summer.

Dependent on the amount of generated greywater and freshwater demand more
than 40 kWh/d of thermal energy can often be recovered from the system (orange
line) compared to the electric energy demand for the entire system, which is about
4 kWh/d (yellow line) (Fig. 4). Comparing the primary energy gains, this decentral-
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Centralised heat recovery systems, built in a sewer and operated by heat pumps
are working with comparably low COP between 3 and 4. Heat pumps are able to
et reconely - produce warmer water than the above described system, which only preheats

0.25 kWh the cold water up to approx. 25 °C before it enters the boiler. But both systems
a B Ccop=40 ... 60 have to run as bivalent systems to ensure the security of supply.

L el e 1,000 lres of high quality Only the decentralised system shows a high resource efficiency with COP be-

service water for toilet

flushing, laundry, etc. tween 40 and 60 and can be easily operated by photovoltaics.
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ised approach achieves a relatively higher degree of efficiency than centralised sys- Environmental benefits EEEREEEES It centralised heat recovery systems are connected to the national grid, primary
tems, where only about 1.5 °C can be withdrawn from municipal wastewater using (1) 10 - 15 kWh less city warming Seeeraeaey energy savings can be achieved if electricity is produced with a high percentage
heat pumps. (2) 1,000 litres of groundwater saved %;%f;%%:: i:}i%: of renewable energy. If not, primary energy savings by heat pumps are only
o _ o (3) 1-3 kWh saved from drinking water and wastewater ii«t K'LU :Ll' marginal
System monitoring also showed that the amount of greywater (black line), originat- treatment including pumping Shehehabe hedeheheh '
ing in this case only from showers and bathtubs, is not sufficient to cover the de- E‘S‘i f:;’;’lgoﬁgrz't’egf;';'gg?;'&k;“sgéxz‘ffa“d wastewater treatment +
I I I I i I = Credit points in buildi rtificati
mand for toilet flushing (green line). It is therefore recommended to include addi- (6) CO, Reduktion (0.251 ke CO; per KWh recydled thermal eneray) "™ BREEAM, LEED, DENB, ela)

tional greywater sources (e.g. laundry, kitchen), which can be recycled successfully
[2] to increase the amount of greywater and improve the system’s efficiency.

The additional investment costs for the combined recycling system of 10 €/m? of
floor space (excluding second pipe network) or around 400,- €/Person, compared to
the real estate costs (3,500 - 4,000 €/m?), are very low (< 0.3%). The total electrical

. SRR Monitoring results at Arnimplatz Berlin-Prenzlauer Berg in March 2013
demand for heat recovery, greywater treatment and service water distribution is J P J

. kWh/d Average: cold water 11,6 °C, energy recycling 15,5 kWh/m3 from greywater Litres/d
less than 1.5 kWh/ms3. The annual savings on water and energy were 5,000 € and J dyrecyeiing Jreyw ne
1,000 €, respectively. Energy recycling shows best performance during the cold %0 1 Totalenergydemand e Thermal energy savings == == = Warm water === Greywater —a— Service water 12.000 Figure 4:
winter months, when thermal solar plants are not productive. . kWh/d kWh/d m?/d m?/d m?/d _ 11000 Monitoring results of water
The yearly energy recovered by this plant is equivalent to the energy delivered by a : | ﬁr(‘)?netr;g%gr':g.lr‘]tef;nrdeg“;lp#;
2 Z ' ycCll
thermal solar energy system of 35 mz2. 50 a 10.000 olant during March 2013.

The yearly total electric energy demand for greywater recycling and heat recovery

1]
of 1,800 kWh can be covered by 18 m? of the building’s 145 m? installed PV- 45 1§ 4 9.000
Modules. L -
CONCLUSIONS T
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M Greywater is a renewable and safe resource for non j _

potable water and energy. 30 _ 6.000
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M Total system costs including dual pipe network are 20 1 AN PIN 4000 :]’Vez paqe.ld -

less than 0.6% of the total apartment costs. = - ==l 2T 00 Hpinoice-parner.emoce
M More than a tenfold higher water and energy efficiency, : S |

compared to central systems, can be achieved with a 10 2.000

decentralised approach by operating greywater recy- 51— i _ . : - _ - '1_000
cling plants in combination with heat recovery.
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dual pipe network for water and energy recycling!! e = <=
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