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Heating and cooling of the buildings occupy the largest portion of
overall energy consumption in domestic use (more than 40% in the

EU)
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We need to reduce this amount (40%) for the sustainable world. We
can save energy by using more efficient heating/cooling systems.

Solution(?)
Efficient Heat Pump (HP) can be one of the solutions.

» Using efficient thermal sources
« Using variable speed compressor
« Renewable energy powered HP

HP is not new\ but using WW
IS more efficient than others.
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Why wastewater; because we are wasting energy through wastewater

« Daily fresh water utilization per person 217 liter/day

« Daily wastewater production per person 182 liter/day (%84 of fresh w.)

* In Izmir daily total wastewater =600.000 m3/day

« For AT=1°C about Q = 700 MWh/day

« Wastewater temperatures in Izmir (typical Mediterranean climate)
Winter 9-14°C

Summer 26-29°C

« WW temperature changes depending on the amount of WW, region,
WW source and season, etc.




Utilization of wastewater for HP;

Outside the building
Inside the building (We use) Qutside the C|ty

Under the tap In WW pipe line In WW treatment plant



Europe heat pump utilization scenario_until 2020 (Source: EHPA)

* Installed capacity: 35,6 GW,,

* Energy provided: 191,62 TWhy,
* RES integrated: 131,1 TWh

* GHG emission saved: 34,4 Mt

* Primary energy save: 80,2 TWh



Europe heat pump utilization 2030 targets:
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Worldwide Applications of Wastewater Heat
Pump(WWHP) systems



1-) Kakola WWHP Plant:

Located in Turku-Finland. District heating and district cooling from treated
wastewater.

Wastewater system

Dvistrict heating
Customer T Diistrict cooling
o . CLESDOMTYET
Dristrice heating network

Heat pump plant utilizing treated wastewater

m o Commissioned 2009
District cooling
network Heating power 21 MW
e Cooling power 14.5 MW

trea'frn:nt - Expansipn valve COP 33
e Input power (electricity) 6.5 MW
WM Annual district heating production 160 GWh
Cwporaior (appr. 8 % of Turku demand)
District cooling production 90 %

of demand

| |
Temperature of sewage water is 1018 *C Prior to releasing the purified wastewater to the sea, the heat has been recovered and lead to the district heating network.

CO, reduction is 50.000 ton yearly



2-) Chicago Water Reclamation HP Plant:

Heating&cooling in the reclamation building. Collaboration with
University of lllinois Chemical Eng. Dept.
Average temp. of water 55 °F (12.7 °C)




3-) Amstetten WWHP Plant:

Located in Austria, established in 2012, about 400 single-family homes
can be heated and cooled.

« WW from city channel for heat pump (heating and cooling)
« 210 m district heating pipe (from channel to building)
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4-) Katri Vala WWHP Plant:

Located in Helsinki-Finland. District heating and cooling from treated wastewater.
Connected population 800 000 person and wastewater flow 260 000 m3/h

» Heating power 5x18 MW (45-88 °C)
» Cooling power 5x12 MW (20-4 °C)

* Electrical motor cap. 6500 kW/10 kV ool
o Refrigel’ant R134a customer condenser 5::?:”5‘0" evaporator

Waste water heat exchangers
» Capacity 24 MW

* Temperature (wastewater) 12-6 °C FERIPTRes

* Temperature (cooling) 4-10 °C wastewater

heat exhanger

wastewater




5-) Located in Bochum Germany. Pool heating. 200 m away from the WW line.

* Average 12 °C wastewater
» Heating to 50-55 °C

» Gas for heating decreased from 2952 MWh/a to 1,857 MWh/a by using WW
* CO, emissions reduced by 220 tons (37% )




WWHP System in the market;

WM-12B-34

KW 1779
Kealh
USRT 338
Power Consumpticn KW

Performance

3z
Power Supply
Compressor Capacity HP 30
Length
Dimension Height
Depth
Type
Cuantity
Operation Method
Volume
Control

Compressor
%

Refrigeration

Ton [rar

. Type
Refrigerant
Control Method
Type
Circulation
Volume

Piping(INAOUT} A

Heat Exchanger at

P
Load-side B

Heat Exchanger Type

at Heat source -side Piping(INJOUT) A

Temperature Control
Contral

Oiperation Control

Weight kg 450

Operafional Conditicn

101.300

IWM-12B-38 WM-12B-51
1336 18047
114,200 155,200
38 51.32
38 50
3Phase x 380V x 80Hz
L] 43
1,200
1,840
760
Scroll type

Direct-on-line
0-~100%

1236 16.48

——
_— e

( R-22

~ rmostatic expansion va -
Larmosatc xpansanyglie.

Brazed Plate type

50.24 B0.83

Spiral Tube Type
125

Automatic inletioufiet temperature control

PCEB
H0D 600

80°C; Waste water temp o be 25°C

The above specification may vary depending on the site and temperature condiions.
The above specification may change without prior notice for further improvement.

WM-12B-67
2357
202,700
a67.03
58

58

680

Supply side (entry) temp to be 28°C; discharge side [exit) temp fo be




Wastewater Source Heat Pump Systems
In Turkey



Distribution System I- Fan-coil system, 1l- Air channel, Ill- Compressor, IV-
Condenser/Evaporator, V- Expansion valve, VI- Evaporator/Condenser,
VII- Wastewater HX, VIII- Wastewater line

Heat Pump Cyde




In our WWHP System;,

Air to Water HP Specifications

Heating ~8 kW
Cooling ~5 kW
Air Side HX Aluminum fin- copper pipe

Water HX Plate type

5x190 W (electrical) and 460 W (thermal)
PVT *DC compressor of HP partially powered by PV
*Auxiliary heating from PVT

Special design




* This project was funded by the national research council of Turkey
(TUBITAK) while it was the first application in Turkey.

« Qur aim is to expand this application on a city scale in Izmir and
also other cities in Turkey.




Energy Conversion and Management 88 (2014) 700-722

Contents lists available at ScienceDirect
Energy Conversion and Management

journal homepage: www.elsevier.com/locate/enconman

Review
A key review of wastewater source heat pump (WWSHP) systems

Arif Hepbasli**, Emrah Biyik %, Orhan Ekren ", Huseyin Gunerhan ¢, Mustafa Araz *

“ Deparament of Energy Systems Engineering, Faculty of Engineering, Yasar University, 35100 Bornova, Izmir, Turkey
bSolar Energy Institute, Eze University, 35100 Bornova, lzmir, Turkey
“Department of Mechanical Engineering, Faculty of Engineering, Ege University, 35100 Bornova, Izmir, Turkey

@ CrossMark




Energy and Buildings

“Wolume 104, 1 October 2015, Pages 215232

iew

eat exchanger applications in wastewater source heat pumps
for buildings: A key review

uzhan Culha®, Huseyin Gunerhan®, Emrah Biyik®, Orhan Ekren?®, Arf Hepbasli® & - &
8 Graduate School of Natural and Applied Sciences, Department of Mec hanical Engineering, Ege
University, 35100 Bomowva, [zmir, Turkey
? Department of Mechanical Engineering, Faculty of Engineering, Ege University, 35100 Bornova, lzmir,
Turkey
“ Department of Energy Systems Engineering, Faculty of Engineering, Yasar University, 35100 Bomova,
lzmir, Turkey
d Solar Energy Institute, Ege University, 35100 Bornova, lzmir, Turkey

Received 16 March 2015, Revised 30 May 2015, Accepted 4 July 2015, Available online 8 July 2015




Thank you...

Contact: A
Assoc. Prof. Dr. Orhan EKREN
Ege University- Solar Energy Inst
Bornova- Izmir- Turkey 1
Email: orhanekren@gmail.com
Phone:+90 533 525 64 67




