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ABSTRACT
Drinking water pipelines can be used to exchange energy. Amsterdam is the first city to put this idea
into practice on an industrial scale. The Dutch blood bank Sanquin will use cold from the public drinking
water supply to cool its production processes.
Cooling with drinking water is both sustainable and efficient. In the case of Sanquin it is expected to
save emissions of around 1,100 tonnes of CO2 per year.
Apart from cooling with drinking water, Sanquin will also connect to heating from the local district
heating system to make its processes more sustainable
This document describes the monitoring results of a full year of heat and cold production. Although
the cooling and heating systems have not yet reached their full capacity, the CO2 savings achieved so
far are in line with the predictions.
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EXECUTIVE

SUMMARY

The Dutch blood bank in Amsterdam, Sanquin Blood Supply Foundation, is using sustainable energy
from the public drinking water supply1 to cool its production processes, as well as sustainable heat
from the district heating grid.
Cold is extracted from a 700 mm low pressure drinking water transport pipeline close to the Sanquin
facility. In the winter months the water temperature in this pipeline drops to a minimum around of
8oC.
The production target for cold is around 30,000 GJ per year, resulting in an expected CO2 reduction of
around 1,100 tonnes per year. The cold is stored in an ATES system and/or is used directly for process
cooling.
Excluding the pharmaceutical process cooling, the ‘Cooling from drinking water’ system shows a COP
of around 40. At full capacity it expected to result in a COP of up to 100.
The complete system (‘Cooling from drinking water’ including the pharmaceutical cooling applications)
results in a COP of around 25. The alternative (mechanical cooling only) was expected to have resulted
in a COP of 9.
To ensure microbiological safety the drinking water temperature is not be allowed to rise above 15oC
in any part of the drinking water system.
Using heat from the local district heating grid is expected to result in a 800 ton/year CO2 reduction
compared to the existing system.
Both systems have been installed in 2017 and have started production in November, 2017.
This monitoring report describes the production period from August 7th 2018 until August 17th 2019.
During this period, there have been some problems in the ‘Cooling from drinking water’ system. One
of the heat exchangers is performing below expectations. Upon inspection it was also found to be
affected by galvanic corrosion, caused by rust particles from the drinking water pipeline. Both heat
exchangers will be opened and inspected again in October, 2019.
To calculate the CO2 reduction, the new heating and cooling systems must be compared to the old
ones. However, historic performance data for the old systems was not available. These data had to be
reconstructed and estimated.
The monitoring results show that both the ‘Cooling from drinking water’ and the ‘heat from district
heating’ systems will indeed deliver the expected CO2 reductions once they will have reached their full
capacity.
The ‘heat from district heating’ system has a simple payback time of 6 years (though only 11 years
when the City-zen subsidy were to be excluded).
Since the ‘cooling from drinking water’ system is a long-term investment, the business case was based
on a TCO comparison. The TCO of the drinking water cooling was compared to the TCO of an extension

1

As a drinking water company Waternet operates large ‘raw water’ pipelines (carrying semi-treated water) as well as drinking water pipeline.
Both types are suitable for the harvesting of energy. The project described in this document relates to a drinking water pipeline
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of the conventional cooling system at the Sanquin site over a period of 30 years.
A ‘cooling from drinking water’ system has a higher investment, than traditional cooling machines:
CAPEX for ‘cooling from drinking water’
CAPEX for traditional cooling machines
(cooling towers, dry coolers etc)

- € 235 / KW (thermal energy)
- € 110 - 120 / KW (thermal energy)

However, at the Sanquin site the ‘cooling from drinking water’ system has a better TCO than traditional
mechanical systems, even without subsidies taken into account:
TCO for ‘cooling from drinking water’
TCO for cooling machines

- € 5.4 Mln
- € 8.0 Mln

Apart from CO2 reductions and a positive business case these systems have other advantages over
conventional systems – especially in urban contexts, such as: low footprint, low weight, no sound
problems, good coolant (water), low maintenance, and reliability.
Several possible improvements for the design of the ‘Cooling from drinking water’ installation have
been identified.
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CHAPTER 1 – Introduction

Cooling
In climates with significant seasonal temperature differences (summer and winter) the cold energy
from drinking water pipelines can be used for cooling purposes.
In Amsterdam the public drinking water infrastructure was used to deliver cooling to the
pharmaceutical plant of the Sanquin Blood Supply Foundation.
The supply of cooling is a four step process:
• Extraction;
• Buffering;
• Distribution;
• Delivery of cold energy.
By performance analysis we determine:
• CO2 reductions versus conventional cooling;
• Energy efficiency;
• Cost efficiency.
Using the following indicators:
• Cold supply;
• Cold demand;
• Energy efficiency per step;
• Energy cost per step.
According to the original business case, the project “Cooling from drinking water” was expected to
eventually lead to a CO2 reduction of 1,100 tons/year compared to conventional cooling machines.
Within 2 years of the start of cold production, Sanquin expected to use approximately 20,000 GJ/Yr of
this cold, corresponding to around 730 tonnes of CO2. After 10 years, when more buildings would be
connected to the system, Sanquin expected to use approximately 30,000 GJ/Yr, corresponding to
around 1,100 tonnes of CO2.
Heating
Thermal energy from district heating was expected to result in a 800 ton/year CO2 reduction compared
to the existing system (now functioning as backup), which uses indirect steam heating.
Monitoring period
This report describes the period from August 7th 2018 until August 17th 2019.
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CHAPTER 2 – Current status of the ‘cooling from
drinking water’ system

2.1.

SYSTEM DESCRIPTION

Figure 1: Process flow diagram “Cooling from drinking water” [= attachment 01]

The ‘cooling from drinking water’ system as shown in the figure above has been in operation since
January 2018. The cold energy retrieval and distribution process is carried out in four steps:
- Step 1:
Energy extraction through HE1 and P10
- Step 2:
A) Energy buffering (loading and unloading) in ATES 2 through HE3 and P1/2/11
B) Energy buffering (loading and unloading) in ATES 1 through HE4/5 and P5/6/12
- Step 3:
Energy distribution through HE2/5 and P3/4/5/8/9
- Step 4:
Delivery of cold energy through HE6/7 and P7 and mechanical cooling back-up
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2.1.1. Cold Extraction

The cold extraction installation - two counter flow heat exchangers - was built in the second
quarter of 2017. This system started operating in the winter of 2017-2018 and was monitored
during that period.
After monitoring of the operation of Heat Exchanger 1 (HE1) it was noticed that the difference
between the primary entry temperature (drinking water) of HE1 and the secondary outlet
temperature (cooling fluid) was higher than the one stated in the specifications. The designed
temp difference should have been approx. 1,3°C and in practice the difference was approx. 2
– 3°C. This means that the energy efficiency of the heat exchanger was lower than specified.
Inspection of the HE1 has taken place in august 2018. During that occasion, the proportion of
higher yield plates was increased by replacing 10 standard plates with 10 higher yield plates
(out of a total of 200 plates).
Until now the cause of the temperature difference has not been established. In October 2019
both heat exchangers will be opened for inspection, and 10 standard plates in HE2 will be
replaced to make both HE’s comparable again. After that, the temperature differences /
energy efficiencies of both heat exchangers will again be monitored and compared .
During the inspection of the HE1 it was found that some plates were affected by to galvanic
corrosion. Relatively large metal particles were found between the plates, and are the likely
cause of this galvanic corrosion. The origin of these particles will again be subject of
investigation in October 2019.

Figure 2 Corroded heat exchanger plate HE1 due to iron oxide particles in de the drinking water.
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Figure 3 Corroded and discolored plate from heat exchanger HE1 drinking water side.
2.1.2. Buffering

The ATES (Aquifer Thermal Energy Storage) 2 installation was built in the second and third
quarter of 2017. This system started operating in the winter of 2017-2018 after the completion
of the extraction and distribution system.
In the first three months of operation of ATES-2, a few parameters in the software of the ATES
system were corrected, resulting in fewer error messages and less down-time.
2.1.3. Distribution

The distribution installation was completed in the second quarter of 2017. This system started
operating in the winter of 2017-2018, after the extraction system and ATES 2 were completed.

2.2.

EXPLOITATION PHASE

Figure 4 shows the operating modes of the ‘Cooling from drinking water’ system during from
Februari 2018 until August 2019 as a percentage of the total time

Figure 4: Operation modes in % of time
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The figure shows that improvements have been made with regards to the operating mode
“malfunction” during the period August 2018 – August 2019.
However, the percentage of “standby” has increased during this period. The standby times were
the result of shutting down the “Cooling from drinking water” system several times because of
COP tests (see paragraph 2.4), and inspection and maintenance of the heat exchangers, and pump
repair on Sanquin’s side.

2.3.

TEMPERATURE SAFETY LEVEL

To ensure microbiological safety, the drinking water temperature is not allowed to rise above 15 oC in
any part of the drinking water system.

2.4.

RECONSTRUCTION OF EX-ANTE MONITORING

2.4.1. Old-new comparisons to measure CO2 reduction

In order to quantify the CO2 reduction achieved with the new system, a comparison needs to be made
between the COP of the old system (cooling with dry coolers and mechanical cooling only) and that of
the new one (“Cooling from drinking water”). However, no historical energy measurements were
available of the old system.
Thus, some tests were run with the old system for energy efficiency measurements that could be
compared to the ones of the new system. Since the efficiency of dry coolers and mechanical cooling is
strongly dependent on ambient conditions (namely outside air temperature), these tests had to be
carried out in four different seasons: summer 2018, autumn 2018, winter 2018/2019 and spring 2019.
Per period the energy use of the old and the new cooling systems were compared in two consecutive
weeks. In the first week the “Cooling from drinking water and ATES ” system was active, and in the
second week the “Cooling from drinking water and ATES ” was turned off, the traditional mechanical
cooling taking over.
With the difference in energy usage, an average efficiency factor was determined and subsequently a
CO2 footprint reduction was calculated.

Figure 5: “Cooling from drinking water” Process Flow
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Remarks:
•
The overall efficiency (blue column in Table 1) of process step 1+2A with a COP of 42 in the
first 6 months dropped slightly to a COP of 38 for a full year. The cause of this lies in
temporarily disabling process step via HE 5 (cold delivery via ATES 1) because ATES 1 has a
surplus of heat stored in the aquifer and does not meet the requirements of the competent
authority. Once the energy balance is restored (by regenerating the ATES with cold after one
or two cold winters) this process step can be activated again. See figure 12 and 15.
Annex E – describes the construction of the electricity consumption of the various systems.
•
The COP of the hybrid dry coolers was extremely high during winter because the required
cooling load on the process side was particularly low, rendering in fact the dry coolers overdimensioned. The installation had been designed for almost three times the level of the cooling
demand at the time. As a consequence, the COP increased significantly because the air friction
over the dry cooler dropped quadratic (-F^2) and the absorbed electrical power will drop by
the third power (-P^3).
•
The electricity consumption to calculate the overall system performance (process step 1-4)
includes the described energy consumption for processs step 1+2A (see Annex E –) the
drycoolers and pumps P3/5/6/8/12 and mechanical cooling machines building V and W.
Summer Summer Autumn Autumn Winter
Winter
traditional new
traditional new
traditional new
system
system system
system system
system

28 aug
4 sep

11 sep
18 sep

30 oct
6 nov

A Total thermal cooling energy incl. Regen. ATES 1 + 2 (D+I) [GJ]

271

361

313

B Thermal energy HE2 [GJ]

NA

290

C Thermal energy HE5 ( Y > W) from ATES 1 [GJ]

NA

D Cold regeneration HE5 ( W > Y) to ATES 1 [GJ]
E Thermal mechanical cooling ( part of A ) [GJ]

Period >

Spring 2019 Spring 2019 New system New system
traditional new
Overall
Overall
system
system
6 months *2 aug-7 2018
aug-17 2019
12 months

9 feb
16 feb

26 jan
2 feb

may-2-2019 apr-13-2019
aug-7-2018
may-9-2019 may-2-2019 aug-7-2018
aug-173-weeks feb-2-2019

No da ta
*2

350

459

235

1130

8.890

24.721

NA

No da ta*2

NA

177

NA

652

4.988

10.799

67

NA

No da ta*2

NA

0

NA

0

593

657

NA

0

NA

No da ta*2

NA

166

NA

8

970

994

146

3,6

27

No da ta*2

7

2

17

108

655

1.381

No da ta*2

2019

F Thermal cooling hybrid drycoolers [GJ]

125

0

no data

343

258

188

124

no data

11.905

G Average Ambient temperature Sanquin [°C] *1

20,5

19,9

10,5

9,4

4,4

10,0

13,4

11,0

12,8

H Cold delivery ATES 2 HE2 [GJ]
I Cold regeneration ATES 2 HE2 [GJ]

NA
NA

300
0

NA
NA

NA
NA

0
796

NA
NA

294
28

2594
4946

6.187
6.638

J Total needed process cooling energy [GJ] = A minus (D+I)
1
2
3
4

Waternet /ATES 2 C.O.P. (process step 1/2A)
Mechanical cooling C.O.P.
Hybrid dry-cooler C.O.P.
Overall system performance C.O.P. (all process steps: 1-4)

17.089
NA
3,9
17
5,0

55
4,0
NA
31,5

No data*2
NA
4,2
no data
no data

NA
3,6
91
59,7

32
3,7
23
10,8

NA
4,3
50
22,1

37
4,2
17
21,6

42
4,1
no data
25,2

38
4,1
70,5
25,0

*1 Intake air temperature airhandling unit 16.
*2 No reliable data available due to operation with only one heat exchanger instead of two.

Table 1: energy efficiency table per season and overall efficiency.
For more detailed information on the monitoring data see CHAPTER 5 – and Annex E –.
However, this approach showed to be ineffective for a reliable estimation of the CO2 reduction, for a
number of reasons, namely:
•
Efficiency (COP) of the chillers did not show the expected behavior per season (i.e: a lower
COP in the winter than in the summer). There had also been malfunctions in a few cooling
machines during the measurement period which had a negative impact on the efficiency.
Because of this, only the seasonal efficiency with a COP of 4,1 was reliable.
•
The "traditional" and "new system" measurement periods differed too strongly in terms of
ambient temperature and cooling load needed by the process. In practice, finding two
DELIVERABLE D7.3 | PU public
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consecutive periods of one week with a similar outside temperature and cooling load proved
to be very difficult.
Therefore, an alternative method was applied to get to a better approximation of the CO2 reduction.
2.4.2. Alternative method to approximate CO2 reduction

As mentioned above, the COP of the dry coolers turned out to be very high, comparable to the COP of
“Cooling from drinking water”, because the production capacity has been very low over the last year on average well below 1000 kW, whereas their installed capacity is 2.400 kW (see also Figure 16C).
Therefore, the following method was followed:
When the drinking water system is in operation as first cooling step, a possible “post-cooling” is
provided by the dry cooling system and a third cooling step, if needed, by the compression cooling
machines (via HE7). When the drinking water system is not in operation (i.e. old situation), all the
cooling that cannot be provided by the dry cooling system alone must be provided by the mechanical
cooling machines. Thus an estimate was made of this portion of mechanical cooling, that in the new
situation is “substituted” by cooling from drinking water (which has of course a lower CO2 footprint,
being its COP much higher).
The estimated mechanical cooling load needed has been calculated based on the measured ambient
air temperature (aug 2018 – aug 2019) , since the cooling that can be provided by the dry coolers is
strictly dependent on it.
Table 2 shows the calculations and the results of this new method.
The difference between the CO2 emitted while producing the estimated amount of cooling (6.365 GJ/y)
with mechanical cooling (with a COP of 4,1) and that emitted with production with drinking water
(with a COP of 38), is then the CO2 reduction achieved with the implementation of the drinking water
cooling system (227 tonnes/year).

DELIVERABLE D7.3 | PU public
p. 15

City-zen – GA n° 608702

Table 2: required mechanical cooling usage per year compared to new system “Cooling from
drinking water” and indication of CO2 footprint reduction

The total cooling load available from the drinking water is around 30.000 GJ. At this moment, only a
relatively small part of this capacity is used by Sanquin. At a cooling load of 6.587 GJ/Yr, the CO2
reduction is currently 227 tonnes/year.
By connecting new cooling users (buildings and processes) to the system, thus increasing the cooling
load, the full capacity of the drinking water cooling will be applied, and a the CO2 reduction will
increase. Ultimately the CO2 reduction is expected to reach at least 1.040 tonnes/year (30.000/6.587
* 227 = 1.034). This is within a 10% margin of the originally estimated reduction of 1.100
tonnes/year.

DELIVERABLE D7.3 | PU public
p. 16

City-zen – GA n° 608702

CHAPTER 3 – Current status of the connection to
the city district heating

3.1.

SYSTEM DESCRIPTION

Figure 6: Process flow diagram district heating (simplified) [= attachment 02]

The complete system as shown in this figure has been in operation since January 2018. The heat
delivery process comprises three steps.
- Step 1: Energy extraction with HE8;
- Step 2: Energy distribution with P1/2;
- Step 3: Delivery of thermal heating energy with HE9, HE10 and back-up steam system (natural
gas fired steam boiler).
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3.1.1. Extraction
•
•
•

This system started operating in winter 2017-2018;
Monitoring started in February 2018;
There are no significant technical issues.

3.1.2. Distribution
•
•
•

This system started operating in winter 2017-2018;
Monitoring of electricity of pumps P1 and P2 will start in September 2018;
There are no significant technical issues.

3.1.3. Delivery of heating energy
•
•
•
3.2.

This system started operating in winter 2017-2018;
Monitoring HE9 and HE10 started in February 2018;
There are no significant technical issues.
EXPLOITATION PHASE

After commissioning the system did not experience significant malfunctions.
3.3.

RECONSTRUCTION OF EX-ANTE MONITORING

To calculate the CO2 reduction of the new system we must compare it with the previous situation.
However, no historical energy consumption data existed of the traditional (indirect steam) heating
system. To determine the CO2 footprint reduction we need to measure the ‘traditional’ energy
consumption by monitoring the thermal energy usage.
The CO2 footprint reduction is calculated with an 60% overall efficiency of the steam system2 and a
50% CO2 reduction from heat delivered from the district heating grid (Nuon Westpoort Warmte).
The actual indirect steam system efficiency was determined in Q3-2019. The result of this calculation
is submitted in attachment number 5.
In 2018 the energy consumption from the district heating grid was in total 11.441 GJ.
See Chapter 6 for more detailed information on the energy consumption.

2

Including heat loss from back-up steam generator, distribution, condensate system, steam traps and purging
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CHAPTER 4 – Data collection for monitoring

Monitoring data was collected at the following times:
Step

Parameters / performance indicators

Data collection
interval

Extraction of cold
energy. HE1

Ambient conditions (local climate and ‘degree
days’) Heat exchanger HE1 primary side.
Upstream pipeline temperature
Downstream pipeline temperature
Pipeline flow P10
cooling circuit inlet temperature HE1
cooling circuit outlet temperature HE1
cooling circuit flow
Energy consumption of the extraction (heat
exchanger) facility
Total amount of cold energy produced
ATES-2 input (cold buffering) flow P2/P11

1 day

ATES-2 input temperature
ATES-2 output (cold delivery) flow P2/P11
ATES-2 output temperature
ATES-2 regeneration energy (calculated)
ATES-2 regeneration energy (calculated)
Energy consumption of ATES operation
ATES-2 efficiency (calculated)
Cold distribution network input temperature
(temp flow P4)

1 hour
1 hour
1 hour
1 day
1 day
1 day
1 day
1 hour

Cold distribution network output temperature
Cold distribution pumping energy P3/5/6
Cold distribution HE2 energy efficiency
(calculated)
Cold distribution HE5 energy efficiency
(calculated)
In-building cooling systems: input temperatures;

1 hour
1 day
1 day

In-building cooling systems: cold output;
Cold output of local backup systems;
Energy consumption of main in-building cooling
systems;
Energy consumption of local backup systems.

1 day
1 day
1 day

Buffering and
delivering of cold
energy ATES-2

Distribution of cold
energy (distribution
network)

Delivery of cold energy
(Sanquin in-building
cooling systems)

1 hour
1 hour
1 hour
1 hour
1 hour
1 hour
1 day
1 day
1 hour

1 day
1 hour

1 day
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Step

Intake and distribution
of heat energy
(distribution network)

Delivery of heat energy

Parameters / performance indicators

Data collection
interval

Efficiency In-building cooling machines
(calculated)
Heat distribution network input temperature

1 day

Heat distribution network output temperature
Delivered heat energy
Heat distribution pumping energy
Heat distribution network energy efficiency
(calculated)
In-building heating systems: Heat output building
V and W.
Heat output of local backup systems;

1 hour
1 day
1 day
1 day

1 hour

1 day
1 day

Table 3: Period and frequency of monitoring
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CHAPTER 5 – Monitoring the “Cooling from
drinking water” system

The energy delivery process has four steps (also see Annex A).
- Step 1
Energy extraction with HE1 and P10;
- Step 2
A) Energy buffering (loading and unloading) in ATES 2 via HE3 and P1/2/11;
B) Energy buffering (loading and unloading) in ATES 1 via HE4/5 and P5/6/12;
- Step 3
Energy distribution with HE2/5 and P3/4/5/8/9;
- Step 4
Delivery of cold energy with HE6/7 and P7.
In this report we include the energy distribution via HE2/5/6/7.

Figure 7: Demarcation of monitoring reports.
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5.1.

PROCESS STEP 1 AND 2A (WEEKLY AND DAILY):

NOTE: ALL GRAPHS FROM AUGUST-7-2018 (WEEK NR. 1) UNTIL AUGUST-17-2019 (WEEK NR. 53)

4
2
1

5
3

1

Figure 8: Total thermal energy retrieved weekly from drinking water and ATES-02, and COP
Total electricity: 127.368 kWh, total thermal energy Waternet side: 10.965 GJ. Total thermal energy
from ATES 2: 6.382 GJ. See also Annex E – specification of COP.
Remarks
Number 1: Inspection and removal of plates from one of the heat exchangers (see paragraph 2.1.1)
and pump repair Sanquin system.
Number 2: System in standby mode to determine traditional mechanical cooling COP.
(see paragraph 2.4)
Number 3: System turned off because of measurements ensuring drinking water quality.
This was necessary because one of the heat exchangers was repaired and the system
was opened. After opening a drinking water system, the water quality must be checked.
This takes about one week.
Number 4: Period with only one heat exchanger in operation (50% capacity) and lower efficiency
due to an increase in pump use because of a significant higher differential pressure
(100% flow and 50% heat exchange surface) over the heat exchanger.
Number 5: Maintenance shutdown period Sanquin (low to zero cooling energy needed).
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Figure 9: Total thermal energy retrieved daily from drinking water and ATES-02, and COP
This figure shows the thermal energy retrieved daily for process step 1 and 2A.
The low COP spikes in the graph with a value of approximately 20 are related to some weekends
when there is a low cooling demand and the the pumps P1, P2 and P10 can not operate on a low
enough level, resulting in a relative low COP. As soon as a higher cooling load arises as a result of
connecting more buildings to the cooling system, the low COP values will no longer occur.
The daily process cooling demand via HE2 is about 40 to 60 GJ.
When the demand is higher (to a maximum of almost 200 GJ per day) ATES 2 is regenerated as well.
See also figure 10 in relation to cooling power [kW] and the temperature of the drinkingwater.
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Figure 10: Thermal power retrieved from drinking water
Orange line:
Blue line:

thermal power retrieved form drinking water HE1 (kW)
drinking water temperature (oC)

The daily average process cooling power demand delivered by HE1 is about 400 to 600 kW during the
winter period. When the daily average cooling demand is higher (to a maximum of almost 2.300 kW
per day) the ATES 2 is regenerated as well.
When the drinking water temperature drops below approximately 10 oC the ATES 2 can be
regenerated. The regeneration capacity rises considerably as soon as the drinking water temperature
is about 8 oC. In cold winters the drinking water temperature can even drop to just below 6 oC resulting
and a predicted cooling power load of approximately 4 to 5 MW. This peak load is strongly depending
on the entry temperature of the warm side of ATES 2.
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Figure 11: Daily Regeneration (loading) + cold delivery (unloading) from ATES 2
Total thermal energy in this period used for regeneration (loading): 6.763 GJ. Total thermal energy
used for cold delivery (unloading): 6.382 GJ.
Energy balance is achieved for ATES 2.
See also figure 9 and 10 in regard to the regeneration of the ATES-2.

Figure 12: Weekly regeneration (loading) + cold delivery (unloading) from ATES 2
See also figure 9 and 10 in regard to the regeneration of the ATES-2.
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5.2.

STEP 2B AND 3: ENERGY DISTRIBUTION WITH HE 2/5 AND P3/4/8/9 (DAILY)

A

Figure 13: Daily cold delivery from hybrid dry cooler circuit to ATES-1 and vice versa
(remark A: Sanquin experienced a database failure and is missing data from this period)
This figure shows the daily cold delivery from the hybrid dry cooler circuit to ATES-1 via HE5/P5 and P6
(orange graph) and vice versa (blue graph).
The grey line represents the daily average intake air temperature (ambient conditions at Sanquin site)
of air handling unit 16.
ATES 1 (in use since 2014) has a problem with the required mandatory energy balance (a shortage of
cold). To correct this balance the connection to ATES 1 (cold delivery) from ATES 1 to the process
cooling was switched off most of the time from December 2018.
Total amount of energy building W>Y (loading with cold from dry coolers building W) = 1.135 GJ
building Y>W = 1.204 GJ (unloading). The winter of 2018/2019 was very mild resulting in a very limited
cold regeneration yield.
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Figure 14: Daily cold delivery from Hybrid dry coolers in MJ
The grey line represents the daily average intake air temperature (ambient conditions at Sanquin site)
of air handling unit 16.
Total cold delivery dry coolers: 4.774 GJ.
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Figure 15: Daily cold delivery (cooling from drinking water) in MJ from HE2 / P3
Total energy delivery HE2 in this period: 10.470 GJ.

Figure 16: Daily average cooling power in kW
The blue line represents the hybrid dry coolers, the orange line represents the cold delivery from HE2 (cooling from drinking water) and the green line represents support cooling from ATES 1 via HE5.
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5.3.

STEP 4: DELIVERY OF COLD ENERGY WITH HE6/7 AND P7

5.3.1. Process step: HE6

Figure 17: HE6 > Total energy free cooling circuit via HE 6 per week (GJ)
Total amount of free cooling energy in this period: 15.064 GJ.

Figure 18: Total free cooling power via HE6 [kW average per day]

Figure 19: total free cooling power via HE6 [kW average per hour]
This graph shows that the production cooling only uses about 50% of the installed capacity of 2.400
kW.
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5.3.2. Process step: HE 7

Figure 20: Mechanical post cooling Sanquin process excluding freeze dryer cooling
Mechanical post cooling is a relatively small contribution to the total amount of cooling.
Total amount of energy in this period: 1.179 GJ.
Total amount of process cooling: 15.064 GJ [HE6] + 1.179 GJ [HE7] = 16.243 GJ excl. freeze dryer circuit.
Including freeze dryer circuit the total amount of cooling energy would be approximately 17.000 GJ.
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CHAPTER 6 – Monitoring the connection to the
district heating grid

6.1.

DAILY DATA

Figure 21: Heating retrieved daily from the district heating grid, air temperature, air humidity
Red bars:
Purple line:
Orange line:

Heating energy retrieved daily from the local district heating grid [GJ]
Daily average ambient air temperature ( oC)
Daily average ambient air absolute humidity [g/Kg].

In the summer period the heating energy is higher due to the necessity to reheat the cleanroom air
after dehumidification. The heating energy is directly related to ambient temperature and absolute
humidity. Explanation: To dehumidify the cleanroom air it has to be cooled below its dew point. After
cooling and dehumidification the air is too cold for entry into the cleanroom. Therefore reheating is
necessary.
In the Netherlands dehumidification is generally necessary from May until October.
Total energy from district heating grid: 11.441 GJ

Figure 22: Daily distribution of heating energy [GJ] to process buildings V and W
Light green: heating energy to process building V (GJ)
Dark green: heating energy to process building VW (GJ)
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6.2 MONTHLY DATA (FEBRUARY 2018 – JANUARY 2019)

Figure 23: Heating retrieved monthly from the district heating grid, air temperature, air humidity
Red bars:
Heating energy retrieved monthly from the local district heating grid [GJ]
Purple line:
Monthly average ambient air temperature ( oC)
Orange line:
Monthly average ambient air absolute humidity [g/Kg].
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CHAPTER 7 – Exceptions in the “Cooling from
drinking water” monitoring data

During the first months of the monitoring period (Jan-Apr 2018) there were several system outages
and other technical issues happened that had a significant effect on the efficiency and on the amount
of retrieved energy from the drinking water cooling system (See also Figure 8 on page 22).
−

−
−

Higher than expected temperature difference in Heat Exchanger 1 (HE1); see paragraph 2.1.1
Cold Extraction).
To create a low enough temperature for loading the ATES-2, the flow set point on the drinking
water side (P10) was manually increased. Increasing the pumping power resulted in a lower
efficiency (COP);
Initially the maximum pump flow of P10 was limited to approx. 360 m 3/h (70%). From august
2018 the maximum flow is set to 500 m3/h (the design value);
Software improvements. During the year some minor and major software changes were
implemented in the controlling software. Most software changes were made in the software
controlling the ATES-02 and pump speed P1 with regard to simultaneous cold delivery to
process Sanquin (HE2) and ATES-02. The observed problem was that the potential of retrieving
cold from the drinking water was not maximized and had a direct correlation with the process
cooling to Sanquin. As a result the regeneration of ATES-2 did not increase proportionally with
decreasing process cooling demand.

Figure 24: Energy share retrieval from drinking water to regeneration ATES-2 and cold delivery process Sanquin
Blue line: cold from drinking water for the regeneration of ATES-2.
Green line: cold from drinking water directly for Sanquin process cooling.
Software change was implemented at the beginning of period A.
−

After the implementation of new software (A) the potential of cold retrieval to regenerate the
ATES-02 improved in comparison to period B, but was not as high as it could have been. This
was caused by the fluctuating cold demand within the Sanquin’s operating processes.
See Figure 25: Process cooling power demand Sanquin [kW] on an average day.
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Figure 25: Process cooling power demand Sanquin [kW] on an average day

Fluctuations in cooling demand are significant. Strong fluctuations in cooling demand lead to a highly
fluctuating entry temperature to HE1 and ATES-2.
At this moment the controlling software and ATES-2 cannot act adequately enough upon these
fluctuations.
Mitigating measures:
1. Further fine tuning of control parameters. This process is time consuming and still ongoing.
2. This problem will decrease in time when a larger part of Sanquin’s systems is connected to the
cooling grid. This will create a cooling base load and the fluctuations from the process cooling
will have less effect.
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CHAPTER 8 – Lessons Learned

8.1.

‘COOLING WITH DRINKING WATER’ SYSTEM

8.1.1. Requirements and constraints

−
−
−
−
−
−
−
−
−
−

High pressure variations and high overpressure are not allowed in the drinking water pipelines in
order to prevent pipe burst. The minimal overpressure is 0,4 bar. This is the baseline pressure for
the design of the installation. The maximum overpressure is 1 bar.
All pipe parts that carry drinking water must always have a registered overpressure compared to
their surroundings.
All components must be certified for drinking water usage (in the Netherlands: KIWA certification)
For microbiological safety all components that get into contact with drinking water must be flushed
frequently.
All components must be accessible within 24 hours for repair or maintenance.
It must be possible for all pipe parts to be drained completely.
Contamination of the drinking water from the cold infrastructure and / or the installation room
must be impossible.
The heat exchanger must be double-walled and resistant to medium freshwater (with floating dirt).
It is still under investigation whether stainless steel 3016L is sufficient or whether titanium, or
other metals / alloys should be used.
Transport pumps should have a low NPSH (net positive suction head) and sufficient control range.
Because of the requirement of overpressure in conduits carrying drinking water the installation
room has been lowered relative to the ground level.

In case of a malfunction or a drinking water contamination a procedure will be started to
− (Possibly) disinfect the pipeline
− Flush the pipeline
− Take bacteria samples and monitor bacteria growth
− In case of positive lab results: recommission pipeline after 3 days.
Because this procedure could be very disruptive for Sanquin an emergency connection for a mobile
cooling machine is available.
8.1.2. Design

The installation to extract cooling from the drinking water pipeline was prefabricated, and then
installed in place. The current installation has been built on a minimal footprint (m2). As a result, the
construction costs have also been minimal thanks to cheaper prefabricated construction, and cheaper
installation on site. However, prefabricated installation means that there are limitations on the
dimensions, mainly because of the maximum transport size.
Due to the limited space that was available on site, the installation has been built long and narrow and
partly below ground level, alongside a parking strip.
As a result, the internal space available for the two heat exchangers is tight. This turned out to be an
extra cost factor: as a result of the unforeseen corrosion and clogging problems (see paragraph 2.1.1
on page 11) much more inspection and maintenance was needed than expected.
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Figure 26: Prefabrication of the heat exchanging installation

Figure 27: Installation (July 2017)
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Figure 29: interior (July 2017)

Figure 28: exterior (July 2017)

8.1.3. Design: lessons learned & optimizations

During the design of the “Cooling from drinking water” installation, the above considerations have not
been taken into account sufficiently. As a result, the ergonomics of the installation are inadequate: not
all parts are directly and easily accessible, performing maintenance on the heat exchangers is difficult,
the room was not designed for easy evacuation in the case of danger etc. This means that maintenance
is more expensive, not only because more care has to be taken to mitigate the occupational risks
(falling, bumping, physical overload etc.), but also because for major interventions the roof of the
building must be removed. The roof is prepared to be removed relatively easy because nothing is fixed
to the roof
For future similar projects, it is recommended to maintain a space around the equipment of at least
800 mm. and include hoists.
8.1.4. Iron oxide particles in the drinking water

See also paragraph 2.1.1 'Cold Extraction’
The heat exchangers are affected by galvanic corrosion, caused by iron oxide particles that get stuck
between the plates. Also some grit has been found between the heat exchanger plates. Since the
drinking water main distribution line contains iron oxide, the corrosion could be a permanent problem.
However, the iron oxide and grit problems could also have been incidental, caused by repair works
upstream on the drinking water pipeline.
The heat exchangers can act like a strainer/filter: particles > 1.4 mm can become stuck between the
plates, and could ultimately clog the heat exchangers.
Material certificates supplied by the HE manufacturer show that the stainless steel plates are made
from AISI 316 L.
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In November 2018, one of the exchangers was opened for repair. In October 2019 both exchangers
will be opened again. Inspection and comparison of both exchangers should indicate whether the
corrosion problem is incidental or structural.
In the case of a structural problem, two solutions are considered:
Solution 1: replace stainless steel plates by titanium plates. This is an very expensive solution but gives
more certainty about longevity and corrosion resistance. With this solution the risk of sediment
accumulation (clogging) is not mitigated.
Solution 2. place a 250 – 500 mu candle filter upstream to protect the heat exchanger from iron oxide
particles. A filter must comply with the KIWA label (Dutch certificate for drinking water installations).
8.1.5. Drinking water microbiology around the heat exchanger installation HE1 3

Drinking water distribution networks (DWDNs), have potential and significance for thermal energy
recovery in the form of cold. However, retrieving cold from drinking water means increasing its
temperature, which may enhance microbial activity and proliferation of opportunistic pathogens
(OP’s), like Legionella spp. Pseudomonas aeruginosa, Mycobacterium avium complex and
Stenotrophomonas maltophilia, within DWDN. This may happen both in the water and biofilm phases,
with possible negative effects on water quality.
Our research, both at pilot scale and full scale, showed less or non-significant changes in both water
and biofilm (only at pilot scale, not studied for full scale system) phases. But, it should be considered
that water that has been used for these experiments was biologically stable (AOC < 2 μg/l-C) during
distribution, as well as targeted OP like Legionella spp. (only one studied for this water) was not
detected from the incoming water, that was used for cold recovery.
Additionally, the temperature threshold, after the heat exchanger, of 15 (at full scale) and 25, 30oC (at
pilot scale) were only studied at full scale and pilot scales respectively. Further, in another pilot scale
study, where incoming water for cold recovery was having AOC > 2 μg/l-C, occasionally Legionella was
detected from incoming water. And it did proliferate after passing through the HE and was also
detected from biofilm attached to the pipe wall both before and after cold recovery.
Hence, it is advised to conduct comprehensive and detailed (1-2 year long, in order to look at the
patterns and reproducibility of the results within DWDNs) microbial studies of the drinking water as
pre-requisite, and formulate a baseline repository of drinking water microbiome, before using it in full
scale cold recovery applications.
In addition, during and before/after cold recovery, a regular monitoring plan of drinking water should
not only include routinely done parameters by water companies, like ATP and HPC, but also mandatory
monitoring of temperature sensitive opportunistic pathogens and their host protozoan species.

3

Contributed by Ms. Jawairia Imtiaz Ahmad (PhD Researcher), Delft University of Technology, Faculty of Civil
Engineering and Geosciences, Department Water Management Section Sanitary Engineering
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8.1.6. Multi-factor comparison of cooling solutions

See Table 4: Multi-factor comparison of cooling solution on page 42
The “Cooling from drinking water” installation as installed at Sanquin has been compared to 4 other
types of cooling installations (with a brand chosen as a benchmark reference):
1. Cooling Tower (brand used for reference: Kelvion)
− On-site installation
− Cooling tower on frame with total air displacement of approx. 750,000 m3/h
− Heat exchangers with pumps and piping
− Water supply and water treatment
− Integration with ATES for back-up and for cooling during the summer
2. Dry cooler (brand used for reference: Cabero)
− Installed on roof floor with sufficient space in between to prevent short circuiting of air.
− Required air flow rate approximately 1.500.000 m3/hr
− Trough-shaped coolers on frame
− Heat exchangers with pumps and piping
− Integration with ATES for back-up and for cooling during the summer
3. Hybrid cooler (brand used for reference: Baltimore)
− Installed on roof floor with sufficient space in between to prevent short circuiting of air.
− Required air flow rate approximately 1.000.000 m3/hr
− Trough-shaped coolers on frame
− Heat exchangers with pumps and piping
− Water supply and water treatment
− Integration with ATES for back-up and for cooling during the summer
4. Air-cooled chiller linked to ATES to guarantee the supply of 12oC process cooling independently of
outdoor conditions (brand used for reference: Carrier)
− Installed on roof floor with sufficient space in between to prevent short circuiting of air.
− Required air flow rate approximately 2.000.000 m3/hr
− Trough-shaped coolers on frame
− Pumps and piping
− No emergency power available in case of E-infra failure
Remark: usually these machines are connected to a cooling tower and are designed to carry
water. In those cases more space is needed for the installation, and the costs are higher.
−
−
−

ATES-integration operates parallel to ATES
Optional ATES to reduce the required peak capacity in the summer, and to enhance the
number of operating hours for the chiller. In this way, 4.8 MW can be reduced to 2.4 MW
in combination with an ATES of 250 m3/hr.
Capacity of the power connection and generation of emergency power can be reduced
from 1.5 MWe to 800 kWe.

5. “Cooling from drinking water”
− Installed in basement with high quality stainless steel pipes and pumps, certified for
drinking water
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−
−

Stainless steel 316L heat exchangers with pumps and piping
ATES-integration for backup and cooling available in summer

For every one of these cases, the number of units with a total cooling capacity of 4.800 KW was chosen.
The following aspects of a TCO comparison were assessed and scored separately:
− Weight
− Total power consumption KW
− Energy efficiency
− Service life
− Noise
− Coolant
− Investment
− Maintenance Costs
− Need for renovation
− Reliability
− Environmental impact
Notes and caveats:
Location
The values in Table 4 are calculated for the Sanquin site. Some of these values can be different for
other locations.
In particular the outdoor conditions for cooling machines, cooling towers and air coolers in city
centers are different from those in rural areas. This impacts the required size of the units, and the
energy needed for cooling and for ATES regeneration.
Emergency power
Emergency power for the cooling machines in the case of a grid voltage failure is not included as a
cost item in Table 4. In the current situation emergency cooling can be provided using the ATES.
Noise
Cooling machines that use outdoor air produce high noise levels. Additional noise-reduction
measures are often required to comply with local laws and guidelines, especially in urban
environments, The extra costs for these measures have not been taken into account in Table 4.
Legionella
In the case of cooling towers, legionella should be taken in consideration. The risks are limited
because the required process water temperature is 12.5oC and the system is not in operation during
the warm period. Nevertheless a legionella management plan is always required.
Installation relative to the building
Table 4 does not include any costs related to the location of the cooling equipment relative to the
building. This can be important because cooling machines - dry coolers in particular - displace high
volumes of air and are sensitive to short circuits of influx and outflux.
Weight
Cooling machines that use outside air are usually installed on the roof with an additional steel frame.
Standardized costs for these frames are included in Table 4. However, the need to strengthen the
main load-bearing structure of the building - including the foundation - depends on local variables
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and has not been taken into account. Since most roofs are not designed to carry excess weights over
500 Kg/m2 this is an important extra cost factor to consider.
Drinking water pressure
In the case of the Sanquin installation the costs were elevated due to the requirement that the
installation of the drinking water heat exchanger be 1.5 metres deepened in the subsoil. These costs
are included in Table 4.
However, in many cases the drinking water pressure should be sufficient to eliminate this
requirement, eliminating the need for these extra costs.
Drinking water safety
For the drinking water cooling safety several requirements had to be implemented.
Dutch law prescribes that drinking water pipelines and drinking water heat exchangers must be
protected against interference, burglary and contamination. Also, they must be fully flushable and
cleanable after a possible contamination.
A health-related requirement is regular flushing to limit bacterial growth in drinking water.
Cost-increasing circumstances for the drinking water installation
Connecting a drinking water pipeline to the Sanquin cooling system has been expensive due to: − The connecting pipe traverses a canal and a dike;
− Installation below ground level due to the requirement of overpressure in all pipe components
and in the drinking water transport pipe.
− Temperature in pipes and components is not allowed to rise above 15oC during the winter to
prevent bacterial growth.
− Unexpectedly, the primary pipeline turned out to carry rust and grit particles into the heat
exchangers (see paragraph 2.1.1 Cold Extraction)
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Total
Total
operating
footprint
weight
excl.
Thermal cooling
excl.
ATES
power per piece Number
ATES.
/ total [kW]
of units [m2/m3]
[kg]

Maximum
electrical
power usage
Life
P10 / P1 / P2 expectancy Sound
Coolant
excl. ATES
excl. ATES Power "energy tranfer SEER incl.
[kW]
[years]
[db(A)]
carrier"
ATES

CAPEX
excl. ATES
[€ / KW th]

Maintenance
costs excl.
ATES
[% CAPEX]

Preventative
maintenace
impact excl.
ATES

piece / total
2400 / 4800

--

++

+

-

o

+

+

-

-

2

40/180

40000

80

>15

97

air-process water

80

€ 110

5-6%

high

piece / total
600 / 4800

-

-

o

-

o

-

o

+

o

8

300/1020

25000

240

10- 15

95

air

20

€ 120

3%

Average

piece / total
2400 /4800

-

o

-

-

+

0

-

-

-

2

250/1925

30000

160

10

95

air-process water

35

€ 160

5-6%

high

Air chilled cooling high efficient
cooling machine incl. ATES

piece / total
1200 /4800

--

--

-

--

--

--

o

o

o

4

120/420

35000

1550

10

110

R134a

7

€ 120

4-5%

average

Cooling with drinkingwater

piece / total
2400 / 4800

+

++

++

++

++

++

--

++

++

2

40/180

10000

40

> 25

<80

drinking water

100

€ 235

0,5-3%

very low

ATES P11
40-50

ATES
> 20

ATES
< 80

ATES
€ 140 / KW th

ATES
4-5%

ATES
high -

Cooling tower incl. ATES

Dry cooler incl. ATES

Hybrid dry cooler incl. ATES

incl. ATES 2
ATES ( 250 m3/h and Δ T 10 °C )
= Aquifer Thermal Energy Storage

total
2900

ATES
10/30

Performance Impact on
reliability
surrounding
excl. ATES
areas

++

--

+

+

o

-

-

-

+

++

ATES
++

ATES
++

Rating

-o
+
++

Very poor
poor
fair
good
very good

Table 4: Multi-factor comparison of cooling solutions

DELIVERABLE D7.3 | PU public
p. 42

City-zen – GA n° 608702

8.2.

DISTRICT HEATING SYSTEM

8.2.1. Multi-factor comparison of heating solutions

Needed central heating temperature
process Sanquin 90 °C

Impact on city
Total
grid electricity
footprint
connection
Life
[m 2/m 3]
*1
expectancy

0

Natural gas boiler

--

heating with steam)

0
25/70

CAPEX
[€]

0

-

0

+

0

++

-

0

++

-

-

+

+

++

++ *4

+

++

++

Impact on
Maintenance Performance surrounding
costs
reliability
areas

0,9

-

+
±1,2

15-20

120/500
City Heating (replacing indirect

Energy
costs per
year.

20

50/200
High temp. dual stage heatpump *3

+

Noise

PER Primary
Energy Ratio
(only heating
part)

++

> 20

++

*5

*2

++

2
Asessment

*1 related to the Sanquin site with indirect steam heating
*2 We still need a backup system in case the city grid can not deliver energy
*3 Simultaneous demand of cooling and heating is necessary or combination with ATES voor cooling storage
Heatpump needs a well temperature (cold side) of approx. 40 °C. to deliver 90 °C. This is not available in high enough quantity at the Sanquin site.
*4 Valid when replacing indirect steam heating with city heating, otherwise comparable with natural gas boiler.
*5 Sanquin did not have to invest in the energy delivery sets themselves. These sets were financed by AEB/City heating

-0
+
++

Very poor
poor
fair
good
very good

Table 5: Multi- factor comparison of heating solutions (related to Sanquin site)

At the Sanquin location, the electricity power usage is at its maximum. As a result, the application of heat pumps with the main function of heating and
will subsequently lead to a costly expansion of the electrical grid.
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8.3.

COST EFFICIENCY COOLING FROM DRINKING WATER

In a Total Cost of Ownership (TCO) comparison the ‘Cooling with drinking water’ system has been
compared to a reference system.
Cooling from drinking water system: Waternet connection, pump/heat exchanger building,
connecting piping to building W and ATES 2 and upgrade of ATES 1.
Reference system: additional 2 MW traditional mechanical cooling system, including significant
upgrades of the electrical grid + cabinets, and an increase of the centralized emergency electrical
power system.
For this TCO the following parameters were used:
TCO parameters
Calculation period
Price index / yr.
Interest rate
Price electricity / kWh
Cooling load [ MWh]

Most likely
30 years
2%
3,5%
€ 0,06
11.500

Best case
30 years
2%
2,5%
€ 0,09
14.000

Worst case
30 years
2%
8,0%
€ 0,03
1.500

8.3.1. TCO results

Scenario ‘Most likely’
In the most likely scenario the ‘Cooling from drinking water’ system ís expected to result in a TCO of €
5.4 Mln.
The Reference system will result in a TCO of € 8.04 Mln.
Therefore the ‘Cooling from drinking water’ system has a positive business case of € 2,64 Mln over a
period of 30 years (without taken the EU subsidy into account).
Scenario ‘Worst case’
In the worst case scenario the TCO result turns to a negative result for the Cooling from drinking water’
system (even including EU subsidy).
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8.4.

COST EFFICIENCY CITY HEATING GRID

Table 6: Business case for the District heating connection
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CHAPTER 9 – Conclusions

9.1.

CONCLUSIONS ON “COOLING FROM DRINKING WATER”

1.

A ‘cooling from drinking water ‘ system is economically viable
The investment for a ‘cooling from drinking water’ is around € 235 per KW of thermal
energy, almost double the investment for traditional cooling machines. However, the
total cost of ownership of the ‘cooling from drinking water’ system is much better over
a life span of 30 years (€5,4 M versus €8.0 M for cooling machines). Apart from that
(and apart from the CO2 reduction) cooling from drinking water has other advantages
over conventional systems, especially in urban contexts, such as: low footprint, low
weight, no sound problems, good coolant (water), low maintenance, and high reliability.

2.

The CO2 savings achieved so far are in line with the predictions
During the monitoring period (Aug 2018 – Aug 2019) the total process cooling was
6.587 GJ (See 2.4). To produce this amount of cold, the mechanical cooling would have
emitted 254 tonnes of CO2. Instead, the “Cooling from drinking water” system produced
27 tonnes of CO2: a reduction of 227 tonnes. Once the production target of 30.000 GJ/Yr
is met, the CO2 savings will be proportionally higher, namely 1.030/Yr tonnes. This is
within a 10% margin of the predicted 1.100 tonnes/Yr.
The actual CO2 reductions are likely to be greater because the cooling machines that
will be replaced in the upcoming years are even more energy-inefficient. Also, a higher
COP for the “Cooling from drinking water + ATES-2 “ system can be achieved. The
current COP was ±40. A higher COP of 100 was expected and is achievable when ATES
2 is sufficiently regenerated with more cold in the winter. The winter of 2018/2019 was
exceptionally mild and resulted in a limited amount of regeneration energy. Also fine
tuning of software will improve the efficiency.

3.

Even high quality drinking water can contain an unexpected amount of rust
particles and other debris
The drinking water in Amsterdam is among the best in the world. Therefore, it was
unexpected that the heat exchangers could be affected by rust particles and grit.

4.

The building for the heat exchangers and the technical installations should have
been built more spacious
Prefabricating the installation was very efficient, but it imposed severe limitations on
the dimensions due to the maximum transport size. In retrospect it might have been
advisable to prefabricate and install the installation in two parts, and in two separate
buildings. This would also have made the mandated security separation between
Waternet en Sanquin easier to maintain.

5.

Further optimizations of the design are possible
It is feasible to produce and install the “Cooling from drinking water” system more
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efficiently, for example by separating the design into modules, by using rack-mounted
equipment etc.
6.

Apart from being energy-efficient, “Cooling from drinking water” offers several
other advantages.
This is especially true in urban environments. See Table 4 on page 42.

9.2.

CONCLUSIONS ON DISTRICT HEATING

1.

The District Heating solution is economically viable
The total investment for the district heating solution was € 544 K. This will save the
company € 50 K per year, plus a CO2 reduction of 715 tonnes per year. The simple
bay back time is therefore 11 years (subsidy not included).
District heating is a cost effective way to reduce the CO2 footprint when it replaces an
indirect steam heated central heating system. In comparison with the cooling with
drinking water the cost (excluding subsidies) per tonne of CO2 reduction is:
District heating
Cooling with drinking water

2.

: ± € 750 / ton CO2 4)
: ± € 1.400 / ton CO2

The CO2 savings achieved so far are in line with the predictions
During the monitoring period (jan 2018 -dec 2018) the total heating energy used was
11.441 GJ (See 8.3). The total CO2 reduction was 715 tonnes of CO2 compared to the
original CO2 footprint of 1.072 tonnes. Resulting in a 2/3 reduction. This is also within
a 10 percent margin of the original calculations of 800 tonnes CO2 reduction per year.
The high CO2 footprint reduction is a result of replacing an energy inefficient indirect
steam heated central heating system with a district heating solution.
In the near future, Sanquin wants to connect the pharmaceutical process heating to the
district heating system. This process is now done with an energy inefficient steam
system. The existing spare capacity in the city heat connection is sufficient.

3.

Reliability
The district heating system proved to be very reliable without any major disruptions.

4.

Apart from being energy-efficient, the connection with the district heating grid
offers other advantages.
This is especially true in urban environments. See Table 5 on page 43.

4

The district heating delivery sets are financed by district heating company AEB, and are not included in this calculation
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CHAPTER 10 – Opportunities for dissemination

For the application of ATES systems, both the climatically and the geohydrological conditions must be
favorable. Most of these places can be found in western / central Europe:

Figure 30: Global map of suitability and hot-spots for the application of ATES systems
Green: subsoil and climate are suitable. Red: subsoil and/or climate unsuitable. Hot-spot: cities in very
suitable areas. Scarcity: cities in climatically suitable, but geohydrologically moderately suitable places

Figure 31: Large parts of western / central Europe are very suitable for ATES systems.
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ATES systems are most useful in places where there is a demand for heating as well as for cooling of
buildings. This is true for most of western / central Europe:

Figure 32: Demand for heating and cooling

The Netherlands has many ATES systems already.
Existing and new ATES systems are potential clients
for Drinking water cooling.

Figure 33: Existing ATES systems in the
Netherlands
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GLOSSARY / LIST
AOC
ATES
COP
DWDN
EER
GJ
HE1, HEx
MJ
OP
P1, Px

OF

ACRONYMS

Assimilable Organic Carbon
Aquifer Thermal Energy Storage
Coefficient of Performance
Drinking Water Distribution Network
Energy Efficiency Ratio
Giga joule
Heat Exchanger nr. 1, Heat Exchanger nr. X
Mega joule
Oppertunistic Pathogens
Pump nr. 1, Pump nr. x

DELIVERABLE D7.3 | PU public
p. 50

City-zen – GA n° 608702

LIST

OF

FIGURES

Figure 1: Process flow diagram “Cooling from drinking water” [= attachment 01] ............................. 10
Figure 2 Corroded heat exchanger plate HE1 due to iron oxide particles in de the drinking water. ... 11
Figure 3 Corroded and discolored plate from heat exchanger HE1 drinking water side. ..................... 12
Figure 4: Operation modes in % of time ............................................................................................... 12
Figure 5: “Cooling from drinking water” Process Flow ......................................................................... 13
Figure 6: Process flow diagram district heating (simplified) [= attachment 02] ................................... 17
Figure 7: Demarcation of monitoring reports. ...................................................................................... 21
Figure 8: Total thermal energy retrieved weekly from drinking water and ATES-02, and COP ............ 22
Figure 9: Total thermal energy retrieved daily from drinking water and ATES-02, and COP ............... 23
Figure 10: Thermal power retrieved from drinking water .................................................................... 24
Figure 11: Daily Regeneration (loading) + cold delivery (unloading) from ATES 2 ............................... 25
Figure 12: Weekly regeneration (loading) + cold delivery (unloading) from ATES 2 ............................ 25
Figure 13: Daily cold delivery from hybrid dry cooler circuit to ATES-1 and vice versa ........................ 26
Figure 14: Daily cold delivery from Hybrid dry coolers in MJ................................................................ 27
Figure 15: Daily cold delivery (cooling from drinking water) in MJ from HE2 / P3 .............................. 28
Figure 16: Daily average cooling power in kW ...................................................................................... 28
Figure 17: HE6 > Total energy free cooling circuit via HE 6 per week (GJ) ........................................... 29
Figure 18: Total free cooling power via HE6 [kW average per day] ...................................................... 29
Figure 19: total free cooling power via HE6 [kW average per hour]..................................................... 29
Figure 20: Mechanical post cooling Sanquin process excluding freeze dryer cooling .......................... 30
Figure 21: Heating retrieved daily from the district heating grid, air temperature, air humidity ........ 31
Figure 22: Daily distribution of heating energy [GJ] to process buildings V and W .............................. 31
Figure 23: Heating retrieved monthly from the district heating grid, air temperature, air humidity .. 32
Figure 24: Energy share retrieval from drinking water to regeneration ATES-2 and cold delivery
process Sanquin............................................................................................................................. 33
Figure 25: Process cooling power demand Sanquin [kW] on an average day ...................................... 34
Figure 26: Prefabrication of the heat exchanging installation .............................................................. 36
Figure 27: Installation (July 2017) ......................................................................................................... 36
Figure 28: exterior (July 2017)............................................................................................................... 37
Figure 29: interior (July 2017) ............................................................................................................... 37
Figure 30: Global map of suitability and hot-spots for the application of ATES systems ..................... 48
Figure 31: Large parts of western / central Europe are very suitable for ATES systems. .................... 48
Figure 32: Demand for heating and cooling .......................................................................................... 49
Figure 33: Existing ATES systems in the Netherlands............................................................................ 49

DELIVERABLE D7.3 | PU public
p. 51

City-zen – GA n° 608702

LIST

OF

TABLES

Table 1: Energy efficiency table per season and overall efficiency....................................................... 14
Table 2: Required mechanical cooling usage per year compared to new system “Cooling from
drinking water” and indication of CO2 footprint reduction .......................................................... 16
Table 3: Period and frequency of monitoring ....................................................................................... 20
Table 4: Multi-factor comparison of cooling solutions ......................................................................... 42
Table 5: Multi- factor comparison of heating solutions (related to Sanquin site) ................................ 43
Table 6: Business case for the District heating connection................................................................... 45

DELIVERABLE D7.3 | PU public
p. 52

City-zen – GA n° 608702

ANNEX A – PROCESS FLOW DIAGRAM “COOLING FROM
DRINKING WATER”
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Process Flow Diagram “Heating with heat from district heating grid”
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ANNEX B – DAILY AND WEEK AVERAGE TEMPERATURES OF
DRINKING WATER AND AMBIENT CONDITIONS

Green line: Daily average ambient air temperature (Schiphol airport).
Blue line: daily average drinking water temperature.
When drinking water temperature is within the blue zone the ATES-2 can be regenerated. When
drinking water temperature is in the green zone the HE1 can operate in sequence (pre-cooling) with
the ATES-2 to deliver cold to process Sanquin. Winter 2019 is very mild resulting in a relative high
drinking water temperature.

Green line: Ambient air temperature (Schiphol airport).
Blue line: drinking water temperature. Weekly average.
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Red: Energy (cold) retrieved from drinking water
Purple: Drinking water temperature.
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ANNEX C – PRINT SCREEN BUILDING MANAGEMENT SYSTEM
PUMP BUILDING

WATERNET/SANQUIN

SITUATION 1

Print screen building management system pump building Waternet/Sanquin.
In this situation the Waternet system is not delivering cold because temperature drinking water is now
18 °C and too warm.
Displayed situation: Cold delivery only with ATES-2 (WKO2) and bypassing HE1 (TSA 1 and TSA 25).

5

TSA: Dutch abbreviation for “Countercurrent Heat Exchanger”

DELIVERABLE D7.3 | PU public
p. 57

City-zen – GA n° 608702

SITUATION 2

Print screen building management system pump building Waternet/Sanquin. In this situation the
Waternet system is delivering cold because temperature drinking water is now below 14 °C and cold
enough to deliver cold via heat exchanger (TSA 1 and 2).
Displayed situation: Cold delivery with only heat exchanger TSA 1. Heat exchanger TSA 2 is out of
order because due to an inspection. Regulator valve S-CV1 (38%) controls the entry temperature STT2 to the heat exchangers. This temperature must be approximately 15°C.
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SITUATION 3

Print screen building management system pump building Waternet/Sanquin. In this situation the
Waternet system is delivering cold because temperature drinking water is now below 10 °C and cold
enough to deliver cold via heat exchanger (TSA 1 and 2) for process cooling and regeneration of ATES02 [Source: WKO2]
Displayed situation: Cold delivery with both heat exchanger TSA 1+2. Regulator valve S-CV1 (28%)
controls the entry temperature S-TT2 to the heat exchangers. This temperature must be approximately
15°C.
ATES 2 regeneration with approximately 395 kW and simultaneous process cooling with approximately
315 kW.
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SITUATION 4

Print screen building management system pump building Waternet/Sanquin. In this situation the
Waternet system is delivering cold because temperature drinking water is now below 10 °C and cold
enough to deliver cold via heat exchanger (TSA 1 and 2)
Displayed situation: Cold delivery with both heat exchanger TSA 1+2. Pump speed 1-CP1 (58%)
controls the entry temperature S-TT2 to the heat exchangers. This temperature must be approximately
15°C or cooler. ATES 2 regeneration with approximately 1.400 kW and no process cooling.
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ANNEX D – EFFICIENCY STEAM SYSTEM SANQUIN

Schematic overview of input primal energy (A) such as natural gas and diesel, energy losses in the
steamboiler room (B), Distribution losses incl. steamtraps (C) and net energy available for process use
(D)

Total efficiency of steam generating incl. distribution losses and steamtrap losses. The losses in the
steam traps are based on a approximation and have a significant effect on the total efficiency. The CO2
footprint reduction is therefore based on a total steam efficiency of a rounded 60%.
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ANNEX E – COP BREAKDOWN ELECTRICAL PART

Waternet pumpbuilding incl. ATES 2 ( process step 1 and 2A )

(7)kWh
(8)kWh
(9)kWh
10 minus 7/8/9
(10)kWh

Electrical systems within pumpbuilding Waternet
Control cabinet ATES-2 (P11)
Control cabinet Waternet incl. pumps (P10)
Control cabinet Sanquin incl. pumps (P1, P2)
Lighting/ventilation/drainpump basement/230 V power sockets pumpbuilding
Main electrical feed Waternet pump building

august 7, 2018 until august 17, 2019
Meter reading
Usage
Meter reading
7-aug-18
17-aug-19
Metercode
WKO2
3Z 820 XS01
RK-PG0-01
PG-A-K

57.076
10.277
32.803
100.575

COP Waternet pumpbuilding incl. Sanquin part *1
*1 including P1, P2, P10, P11, all control cabinets and lighting/ventilation pumpbuilding

67.370
21.843
37.495
490
127.198

124.446
32.120
70.298
227.773

38,4

Process step 1 and 2A: Breakdown of electrical component in COP calculation.
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Mechanical cooling building V and W

(A) GJ
(B) MJ
(C) MJ
(D) MJ
(E) MJ
(F) MJ
(G) MJ
(H) MJ
(I) MJ)
(J) MJ

Mechanical cooling thermal
WFI circuit
15FT01
Freecze dryer circuit (calculated total freeze minus free cooling)
15FT03
Cooling machine 1 (W) York
Cooling machine 2 (W) York
Total machine 1 and 2 building W
Emergency coupling (W>V)
Emergency coupling (V>W))
Cooling machine 1(V) lennox
Cooling machine 2(V) Lennox
Cooling machine 3 (V) York
Heatpump (V) Carrier
Total cooling machines building V
total V+W

(A) kWh
(B) kWh

Mechanical cooling electrical
Cooling machine 1 (W) York
Cooling machine 2 (W) York

(C) kWh
(D) kWh
(E) kWh
(F) kWh

Cooling machine 1(V) lennox
Cooling machine 2(V) Lennox
Cooling machine 3 (V) York
Heatpump (V) Carrier

august 7,
Meter reading
7-aug-18
18.624
285.907
2.010.578
4.246.653
236
65.147
1.052.216
1.082.673
1.104.010
2.881.282

3.047.534
2.515.720
Total cooling machine 1 and 2 building W
40.809
40.496
1.179.287
2.614.923
Total cooling machines building V
total V+W

GJ
kWh

Hybrid Drycoolers thermal (calulated from different energy meters)
Hybrid Drycoolers electrical

RK-WK-29

109.838,0

2018 until august 17, 2019
Usage
COP
Meter reading
17-aug-19
1.183
19.807
6.320.194
7.351.025
13.671.219
324
371.040
809.433
1.203.079
1.644.640
7.144.178
11.172.694
24.843.913

4,9
5,1
5,0

2,5
2,7
3,8
3,4
3,4
4,1

360.824
403.984
764.808
90.916
124.994
120.277
586.990
923.177
1.687.985
11.905
46.924

8.330.772
11.597.678
560
436.187
1.861.649
2.285.752
2.748.650
10.025.460

3.408.358
2.919.704
131.725
165.490
1.299.564
3.201.913

71

156.762

COP breakdown mechanical cooling and hybrid drycoolers
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