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1 INTRODUCTION

1.1 Background

In December 2015 Dansk Standard published a CEN (European Committee for Stand-
ardization) workshop agreement (CWA 16975), with the title “Eco-efficient Substations
for District Heating”. In the publication is specified what an eco-efficient substation
(EES) is and how it can be certified and labelled. The workshop agreement focuses on
optimizing the energy efficiency in district heating substations throughout Europe and
aims to harmonize the manners and technical specifications within substation design.
This is done by introducing a labelling system that an EES-certified manufacturer has
the right to use, to affirm quality and energy efficiency of the product. It is based on a
system of points that can be earned by improving certain aspects of the substations per-

formance. (European Committee for Standardization 2015)

Teijo Aaltonen has represented Alfa Laval Nordic in the EES project and | have been
assisting him in calculations and text production and editing for the documentation.
Now the EES labelling and certification system is being finalized and ready to be intro-
duced to the European market. In this study, | hope to answer questions that may be

raised about EES upon its release.

1.2 Objectives of study

The main purpose of this study is to determine the potential of energy saving in energy
efficient design of district heating customer substations. As part of the project | will try
to establish if there is justification and need for an energy labelling, standardization and
certification such as EES. Focus will be the need specifically in the Finnish market, and
therefore the requirements specified by EES will be compared to the Finnish regulations
and guidelines specified in “Rakennusten kaukoldmmitys Mddrdykset ja ohjeet

Julkaisu K1/2013” (Energiateollisuus ry 2013). This publication will be referred to as
simply K1 in this study.



To determine the energy saving potential that lays in EES design | will establish a fic-
tional example building. I will then carry out two different sets of calculations for each
category and subcategory, that entitle to EES points. Case 1 will in all calculations rep-
resent a substation design that only fulfills the minimum requirements specified in K1.
Case 2 will represent a substation design entitled to maximum amount of EES points. |
will then compare the results in terms of energy usage, over a one year period. In some
categories, there is no difference in energy usage, but instead a potential cost saving. In
these calculations, I will use annual costs in € for the comparison. | will study all condi-
tions and features of substations that entitle to EES points separately, and present argu-
ments that support the values used in the calculations.

In this study, | hope to conclude if there is a need for the EES certification system re-
garding market fairness and transparency. Could EES certification be a benefit for the
end-users, substation manufacturers and, or district heating facilities? Could EES certi-
fication improve competitiveness of district heating compared to other forms of heat-

ing?

As part of the project | have developed a web-browser based calculation tool. It uses
user input data to calculates the EES-label and gives an insight on what annual savings
can be achieved by picking features and functions that entitle to EES points. This soft-

ware is more thoroughly discussed in section 5.

2 ECO-EFFICIENT SUBSTATION

2.1 General

In CWA 16957 the contexture of an EES is described, this includes a specification of
features and performance figures that need to be fulfilled for the substation to be con-
sidered an EES. After the minimum requirements are explained, every feature that can
earn the substation EES points is described in detail, both in terms of how points are
earned and in what way this may affect the energy efficiency of the substation. The

document also includes needed information about certification and testing procedures. It
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is explained in detail how an application procedure for a certificate is to be carried out.

(European Committee for Standardization 2015)

2.2 Scope of EES

For a substation to be considered an EES, it cannot have heat exchanger capacity over
500 kW per heat exchanger. Single house substations are not part of EES certification,
but no minimum capacity of individual heat exchangers is specified. An EES must al-
ways fulfill regulation and law of the locale where it is to be installed as well as the re-
quirements specified in CWA 16975. It is to be marked with the correct label prior to
leaving the factory and the manufacturer is to have an EES certificate approved by the
certification Board. An EES must always include a document where the justification for

corresponding label is specified. (European Committee for Standardization 2015)

2.3 EES label

Four different labels are identified based on points from functions and substation per-
formance. They include Platinum (the best label), Gold, Silver, and Bronze (basic lev-
el). In table 2 the categories for points are listed. The summarized points for the EES
corresponds with which label the EES is entitled to as illustrated in table 1. Both tables
are used for substations with domestic hot water heat exchanger and one or more space

heating heat exchangers.

Table 1, Eco efficient substation label based on points.

Points Eco Efficient Substation label
70-100 EES - Platinum

45-69 EES - Gold

16-44 EES - Silver




Table 2, Summary of rating points.

Minimum Minimum Mini
Category for rating points points to points to Inimum Max
reach Silver reach Gold p0111:ts lto Points
level level reac Plat-
inum level
2. Heat losses 0 0 0 10
3. Pressure losses in second- 5
ary side heating 0 0 3
4. Cooling of return tempera-
ture (heating) 0 10 10 20
4. Cooling of return tempera-
ture (DHW) 0 7 7 15
5.1 Control and limitation of
max capacity / primary flow 0 0 0 15
5.2 Indoor temperature data 0 0 0 5
5.3 Remote monitoring and control 0 7 15 25
5.4 Eco function 0 5 5 5
Total points 100

A different table is to be used if the substation only includes heating heat exchangers.
(European Committee for Standardization 2015)

3 EXAMPLE BUILDING AND CALCULATING ENERGY SAVING
POTENTIAL

In this section energy efficiency of a substation designed per Finnish national minimum
energy efficiency performance requirements specified in K1 is compared to a substation
design per maximum EES points (100 points). The substation energy usage over a one
year period is calculated for each case and compared to determine the energy saving po-

tential of energy efficient design of district heating substations.




3.1 Example building information

The example building will be based on an example of a multi-story residential building
from district heating price statistics, published by Energiateollisuus ry. The building ex-
plained in the publication is fictional, and aims to represent typical specifications for
this type of building when the publisher presents statistics about district heating prices

and expenses. The following values will be used from the publication:

e Number of apartments: 80

e Total district heating energy usage per year: 600 MWh

e Total hourly capacity demand for district heating: 230 kW

e Hourly domestic hot water district heating capacity demand: 69 kW
e Heating district heating capacity demand: 160 kW

e Total hourly district heating flow demand: 2.8 m®h

e Hourly domestic hot water flow demand: 0.68 mh

e Heating district heating flow demand: 2.02 m%h

According to Energiateollisuus ry, the hourly demands listed above are calculated by
following recommendations in the publication “Teho ja vesivirta kaukoldmmon mak-
superusteina Suositus K15/2014 . (Energiateollisuus ry 2011) This means that from the
hourly demands above the actual capacity and flow demands can be determined for the
domestic hot water heat exchanger. In the publication, it is recommended to use a factor
of 20 % of total domestic hot water heat exchanger capacity and flow to determine the
hourly capacity and flow for a building with 6-100 apartments (Energiateollisuus ry
2014 p.13). By reversing the calculation, the actual capacity and flow demands for do-
mestic hot water heat exchanger for the building can be retrieved. The calculations are

done as follows:

For capacity:

@ _ Ppawn
DHW = 570,

where:
@, ywn 1S domestic hot water heat exchanger hourly capacity demand kW

@,y 1S domestic hot water heat exchanger capacity demand in KW
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This gives:

69 kW
DHW - T% == 345 kW
For flow:
V - VDHWh
DHW 20 %
where:

Vpouwn is domestic hot water heat exchanger hourly flow demand in m3/h

Vpuw is domestic hot water heat exchanger flow demand m3/h

This gives:

DHW = —20 % =

The example building domestic hot water heat exchanger capacity and flow will thus be
345 kW and 3.4 m®/h. The heating heat exchanger capacity above is not evened out over
an hour, which means that the capacity, 160 kW mentioned in the example is the actual
heat exchanger capacity. Same goes for the heating heat exchanger district heating flow
demand being 2.02 m%h. The flow demands can now be summarized to 5.42 m%h or
1.51 dm?®/s, which is the maximum simultaneous district heating flow demand.

Knowing the capacity and flow demands for the heating heat exchanger the primary

side return temperature can be determined as follows:

P

Tohreturn = TpHflow — 7~
Qc
where:
ToHreturn 1S district heating return temperature in °C
Tortiow IS district heating flow temperature in °C

P is heat exchanger capacity in kW

11



Q is district heating water flow in dm®/s

c district heating water specific heat in J/kg'K

This gives:

160 kW
TDHreturn = 115 OC - = 4‘6 OC

(0.56 drf) (4.186 ki,—K>

The heating heat exchanger return temperature is 46 °C in the example case. The exam-
ple building has a radiator network for heating. The network flow temperature is 60 °C
and return temperature 40 °C. This means that the district heating return temperature
must be adjusted to 43 °C in the example case since the temperature difference between
secondary side return and district heating return cannot exceed 3 °C according to K1
(Energiateollisuus ry 2013 p.57). Therefore, the final temperature program for the dis-
trict heating side is considered 115-43 °C for all calculations.

3.2 District heating network connected to example building

In order to not single out the calculations to only apply to a specific district heating sup-
plier, average values in Finland will be used regarding the district heating network. All
values will be corresponding with high temperature networks as the low temperature
networks only take up a small part of the Finnish district heating network (Ener-
giateollisuus ry 2006 p.143). According to statistics published in “Kaukoldmpdtilasto
2015 the district heating net production in 2015 in Finland was 33270 GWh, of this
3420 GWh was lost in distribution losses and measurement differences. An assumption
will be made that the measurement differences included in this figure is mostly evened
out between positive and negative and thus marginal. Therefore, the distribution heat
losses in all calculations will be based on the 3420 GWh. Concluded from this is that 10
% of the produced district heating energy was lost in distribution heat losses.

146370 buildings were connected to a district heating network in Finland in 2015. The
combined network length was 14600 km, which makes the average length of network

per connected customer to be 100 m. (Energiateollisuus ry 2016 p.3-4)

12



The supply temperature of the district heating water in the network is dependent on out-

side air temperature as seen in figure 1.

tn (O
120 /
110 /

1/
/

70

+10 0 10 20 30 £,°0

Figure 1. District heating supply temperature as function of outside air temperature. (Energiateollisuus
ry 2006 p.336)

The average temperatures in Finnish district heating networks are 85 °C for the flow

pipe and 55 °C for the return pipe. (Energiateollisuus ry 2006 p.216)

3.3 Calculations for each category that entitles to points

In the upcoming calculations for each category, Case 1 will depict a substation design
according to minimum regulations in Finland, whereas case 2 will depict an EES design

worthy of full 100-point Platinum standard.

3.3.1 Heat losses

In CWA 16975 is specified that an EES must be insulated, and 10 points can be earned
by insulating the primary side piping with an insulation material that has a U-value low-
er than, or equal to 0.5 W/(m?K) (European Committee for Standardization 2015 p.22-
23).

13



In K1 it is also stated that the substation shall be insulated. In neither document, any
specification for minimum requirements on insulation material or thickness is men-
tioned. In K1 the only part requiring insulation that has a specific quality standard set is
the domestic hot water circulation pipe. It must be insulated with a material and thick-
ness with the thermal resistivity of at least 1 m?K/W. (Energiateollisuus ry 2013 p.58) In
“DI1 Kiinteistjen vesi- ja viemarilaitteistot MAARAYKSET JA OHJEET 2007 ” it is
stated that this can be achieved with 50 mm thick insulation with a k-value of 0.05
W/mK (Ymparistoministerié 2007a p.9). This is a false statement, since the increase in
heat loss is nonlinear in accordance with the pipe diameter if the insulation thickness is
not increased. The calculation in the publication is based on heat transfer through an
insulation layer as part of a flat surfaced wall per square meter. The same calculation
cannot be applied to piping insulation layers. It is therefore somewhat misleading to use
units involving surface areas when describing piping insulation. A better praxis would
be to use a coefficient in W/Km, where m would be the pipe length in meters. Same
problem arises when specifying the overall heat transfer coefficient in U-value, W/m?K.
In CWA 16975 a formula for calculating the U-value, taking into consideration pipe
dimension and insulation thickness is however presented (European Committee for
Standardization 2015 p.24). In following calculations, it is assumed that the same insu-
lation thermal conductivity mentioned in K1, 0.05 W/mK (k-value of insulation materi-

al) is used for the primary side piping insulation.

To calculate the heat losses the DN-size of the primary side piping is to be determined.
CWA 16975 does not specify any limits for pressure drops in primary side piping. It
only states that no unnecessary pressure drops should be caused by piping in general,
and that the pipe dimensioning shall be done per calculated flows. The total flow de-
mand was determined to be 1.51 dm®/s in section 3.1. Looking up this value from max-
imum flows for DN-sizes listed in K1, the dimension DN40 is sufficient for the primary
side piping (Energiateollisuus ry 2013 p.20). The outer pipe diameter for a DN40 dis-
trict heating pipe is 48 mm (Energiateollisuus ry 2006 p.217). The needed insulation
thickness needs to be calculated for each case. A formula that lacks an explicit solution
for the needed insulation thickness based on R-value has been published by insulation
manufacturer Armacell (Armacell 2010). To clarify the following calculations, an ex-
planation as to how this formula is derived is needed. It is based on the following prin-

14



ciples and formulas. First the formula for conductive resistivity of a cylindrical layer
(Cengel 2002 p.147):

where:
Reyi is insulation layer conductive resistivity in K/W
In is natural logarithm
k is insulation material thermal conductivity in W/mK
r1 is pipe radius in m
r> is pipe radius and insulation material thickness summarized in m

L is examined pipe length in m

As the Reyi unit is in K/W, it is necessary to add an area in m? to make it match the
needed R-value unit of m?K/W. The new area will be called Aexemal as is depicts the
outer surface area of the insulation material. Now a conclusion can be made with formu-

la:

R = RcylAexternal = Lk 2mryL

From this equation, everything else cancels each other out, and all that is left is the for-
mula published by Armacell (Armacell 2010):

T
7, In (r—i)
R=——1
k
To unify the units for the calculation the thermal resistivity of 1 m?K/W is converted to

U-value in accordance with EES-specification for the requirement. The conversion is
done as follows (Cengel 2002 p.175):



Which gives:

U=1m2K/W~1 =1W/(m?K)

Now the Armacell formula can be rewritten as:

where:

Uu=1/

75 In (;:—i)

k

R is insulation thermal resistivity in m2K/W

In is natural logarithm

U is insulation thermal conductivity in W/m2K

k is insulation material thermal conductivity in W/mK

r1 is pipe radius inm

r> is pipe radius and insulation material thickness summarized in m

This formula lacks an explicit solution for rz, and the required insulation thickness to
reach a certain U-value can thus only be solved implicitly. In table 3 the corresponding

U-values for different thicknesses of insulation layers with a k-value of 0.05 W/mK for

a DN40 pipe are presented.

Table 3. Needed insulation thicknesses to reach specific U-values.

U-value
W/m?K

1.142
1.096
1.054
1.014
0.977
0.942
0.909

Insulation
thickness
inmm
30
31
32
33
34

Case 1.

35
36

U-value
W/m?K

0.544
0.531
0.519
0.507
0.496
0.486
0.475

Insulation
thickness
in mm
54
55
56
57
58

Case 2.

59
60

16




The used in calculating the heat losses for primary side piping in each case are; 34 mm
for case 1 and 58 mm for case 2.

The length of the district heating flow and return pipes of the substation needs to be
known for the calculating the heat losses. Using figure 2 an estimation is made that the
district heating flow pipe length is 0.6 m (red marking), and the return pipe length is 0.8

m (green and orange marking).

Figure 2. Alfa Laval Maxi substation, marked with colors; red is district heating flow piping, green is
district heating return pipe, orange is district heating return from heating heat exchanger into domestic
hot water pre-heater. (Photo; J-Steel 2017)

The desired room temperature around the substation is assumed to be 21 °C. Convec-
tion resistance between the fluid and pipe, and convection resistance between air and the
insulation outer surface will be considered marginal and are neglected.

Using the yearly average temperatures of district heating network specified in section
3.1 the yearly heat loss for each case can be determined using the following formula
(Cengel 2002 p.136, p.147 (formulas combined and rearranged)):

17



Q =|—2= 3 42 > h (0.001)

n 7 + Lins n 7 + Lins
( (ZnL:k )> ( (ZnLZk )>

where:
Q is yearly heat loss from primary side piping in KWh
Ti IS yearly average temperature of district heating flow °C
Tow IS yearly average temperature of district heating return in °C
T3« IS desired temperature around substation in °C
L1 is length of district heating flow pipe in m
L. is length of district heating return pipe in m
r is primary side piping radius in m
Lins Is piping insulation thickness in m
k is insulation material h
h is hours in one year
0,001 is factor for converting Wh to kWh

Case 1. Calculated yearly heat loss with insulation U-value 1 W/m?K

- po s + pL-zlt 8760 h)(0.001
¢= 1y (€0-024 m + 0.034 m) 1y (0:024 m +0.034 m) ( )(0.001)
! 0.024 m " 0.024m
0.05W 0.05 W
2m(0.6 m) == 2m(0.8 m) =%
= 4714 kWh

Case 2. Calculated yearly heat loss with insulation U-value 0.5 W/m?K

18



85°C—21°C 55°C—21°C

¢= (0024 m + 0.058m)\\ * /- (0022 m T 0058 my (8760 h)(0.001)
" 0.024m 0.024 m_
0.05W
2m(0.6 m) O.ngKW 2m(0.8 m) =
= 3385 kWh

This means that by choosing an insulation with a U-value of 0.5 W/(m?K) instead of the
assumed insulation with U-value 1 W/(m?K), a yearly saving of 1329 kWh is achieved
by reducing the heat losses in primary side piping. As this heat loss happens after the

energy meter the saving is directed to the customer. The reduction in heat loss is 28 %.

3.3.2 Pressure losses in secondary side heating

When choosing a circulation pump for heating networks the pump needs to be able to
deliver the required flow to a specific lifting height. The required lifting height is de-
termined by the hydraulic resistance in the heating network as well as by pressure drops
caused by components in the heating substation connected to the network. The heat ex-
changer is one of these components and by choosing a heat exchanger with a lower sec-
ondary side pressure drop, a saving in electricity can be achieved.

5 EES points can be earned if the heat exchanger secondary side pressure drop is below
or equal to 12 kPa. 3 points are earned for a maximum of 17 kPa. (European Committee
for Standardization 2015 p.24) K1 specifies the heating circuit secondary side heat ex-

changer maximum pressure drop to 20 kPa (Energiateollisuus ry 2013 p.9).

For calculating the electricity saving in using a heat exchanger causing 12 kPa second-
ary side pressure drop compared to one that causes 20 kPa, a circulation pump for the
network is to be specified. For this the secondary side flow is needed. It can be calculat-

ed using formula:

P

¢= c(T, —Ty)
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where:
Q is heating network flow in dm?/s
P is heat exchanger capacity in kW
¢ heating network water specific heat in J/kg-K
T1 is heating network return temperature in °C

T2 is heating network flow temperature in °C

160 kW

- = 1.91 dm®
4.186 ] /kg - K(60 °C — 40 °C) m/s

Q

The heating network flow being 1.91 dm®/s, and assuming the secondary side circuit
pressure drop to 35 kPa, and adding the maximum allowed heat exchanger pressure
drop of 20 kPa, the combined pressure drop is 55 kPa in case 1. The chosen pump for
the network circulation is Grundfos Magna 3 25-120. The Magna 3 pump is auto adap-
tive and the 25-120 model is of a realistic size for the example building. The electrical
efficiency of the pump is 0.98-0.99 and maximum power output is 193 W. Using a
Grundfos product selection tool, which can be found online the pump is determined to
run at 0.177 KW in case 1. Lowering the heat exchanger secondary side pressure drop
for case 2 to 12 kPa, which entitles to maximum points, and using the same tool, the
pump is determined to run at 0.154 kW. (Grundfos product center 2017) Calculations

for the annual pumping electricity usages in both cases can now be done with formula.

where:
P is pump output power in kW
¢ 1s circulation pump electrical efficiency factor
h is hours

E is pump electrical energy usage in kWh/year

Case 1.

20



g _ (0177 kW - 8760 h)

0.99 = 1551 kWh

Case 2.

F= (0.154 kW - 8760 h)

0.99 = 1363 kWh

This shows that 188 kWh can be saved annually by choosing a heat exchanger with
maximum EES points compared to one that fulfills minimum regulations in Finland. It
Is notable that this is a saving in electricity, not in district heat. The utilizer of this sav-
ing is the district heating customer and the saving is 12 % in pump electricity usage.

Furthermore, it is notable that a lower secondary side pressure drop makes the radiator

network more stable.

In general, the electricity usage of domestic hot water circulation pumps is small and
therefore the saving caused by this can be considered marginal. Even if no points are
awarded for reducing domestic hot water heat exchanger pressure drop it is recom-

mended in the EES specification (European Committee for Standardization 2015 p.24).

3.3.3 Cooling of the return temperature

A high cooling of the district heating water in all customer substations is essential in
helping reduce heat losses in the network and improve overall efficiency of the grid
(Frederiksen & Werner 2013 p.363-364). EES points can be earned by choosing heat
exchangers that can reduce the return temperature efficiently. Points can be earned for
both domestic hot water heat exchanger and for heating heat exchangers. In this section
both domestic hot water heat exchanger and heating heat exchanger will be handled

separately.

Domestic hot water heat exchanger
In Finland, the temperature program for domestic hot water heat exchangers is set to
values seen in table 4.
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Table 4. Domestic hot water heat exchanger dimensioning parameters. (Energiateollisuus ry 2013 p.8)

District heating District heatingre- |Cold |Hot
flow turn water | water
70°C 20°C (MAX) 10°C | 58°C

In table 5 the middle level rating for 7 EES points is illustrated and in table 6 the best
level worthy of 15 points.

Table 5. Middle level for domestic hot water (European Committee for Standardization 2015 p.26)

__ohw | aT,

92 AT,=<35 AT ,=36-40 AT ,=41-45 AT ,=46-50 AT,=51-60
>=40 2,0 25
35-39 2,5 3,0
30-34 3,5 4,0
25-29 4,5 5,0
20-24 6,0 6,5
15-19 8,0 85 9,0 9,5 10,5
10-14 85 9,5 10,5 11,5 12,0
<=9 10,0 11,5 13,0 14,0 15,0

Table 6. Best level for domestic hot water, yellow marking shows the minimum Finnish requirement,

which entitles to 15 EES points. (European Committee for Standardization 2015 p.26)

| oHw AT,

92 AT,=<35 AT ,=36-40 AT ,=41-45 AT ,=46-50 AT ,=51-60
>=40 1,0 15
35-39 15 2,0 2,5
30-34 2,5 3,0 3,0 4,0
25-29 3,5 4,0 4,5 55 8,0
20-24 50 55 6,0 7.5 85
15-19 7,0 7,5 80 85 9,0
10-14 7.5 85 9,5 10,0 10,0
<=9 9,0 10,5 11,5 12,0 12,0

If these values are implemented into the procedure described in CWA 16975 to deter-
mine the 91 value in the tables, we automatically receive a value entitling to best level

(marked yellow in table 6).
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The calculations as described in CWA 16975

U, =Ty — Ty,
AT, =Ty — Ty

where:
Tazis district heating flow temperature in °C
T2 isdomestic hot water flow temperature in °C
To1is cold water temperature in °C

This gives:
9, =70°C—-58°C=12°C

AT, =58°C—10°C =48°C

Now the corresponding values are looked up in the table above, and the maximum 9,
value is found (marked with yellow in table 6). The 91 value is used to calculate the
maximum allowed district heating return temperature to obtain the points. Calculation is
done with formula:

TDHreturn = T21 + 7-91

where:
TpHreturn 1S the maximum allowed district heating return temperature in °C
T is cold water temperature in °C
91 is the value obtain from the table.

This gives:
Toureturn = 10°C+10°C = 20°C

Which is the maximum allowed district heating return temperature in domestic hot wa-
ter heat exchangers in Finland as seen earlier in table 4. (European Committee for

Standardization 2015 p.15-16)

23



The Finnish standard for domestic hot water heat exchanger performance is set higher
than the one recommended by Euroheat & power, which has worked as a frame for the
EES workshop development (Euroheat & Power 2008 p.14). The EES points for the
domestic hot water will therefore not result in any energy saving in Finland. In other
European countries savings are likely to be achieved if the dimensioning temperature
regulations are less strict.

Space heating heat exchanger
The heating heat exchanger temperature program determined for the example building
earlier in section 3.1 is illustrated in table 7.

Table 7. Example building temperature program, heating heat exchanger

District heating
flow

District heating
return

Secondary return

Secondary flow

115°C

MAX 43°C
(Sec.ret.+3°C)

60°C

40°C

In table 8 the 91-values for EES-middle level is illustrated, in table 8 the values that en-

title to best level.

Table 8. Middle level for heating (European Committee for Standardization 2015 p.25)

92 AT,=<20 AT, =21-30 AT, =31-45
>=40 2,0 2,0 2,0
35-39 2,0 2,0 2,5
30-34 2,0 2,0 3,0
25-29 2,5 2,5 4,0
20-24 3,0 3,0 5,0
15-19 4,0 45 55
10-14 45 55 7,0
<=9 55 8,0 10,5
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Table 9. Best level for heating (European Committee for Standardization 2015 p.25)

ar,

92 AT,=<20 AT, =21-30 AT, =31-45

>=40 1,0 1,0 1,0
35-39 1,0 1,0 1,5
30-34 1,0 1,0 2,0
25-29 1,5 1,5 3,0
20-24 2,0 2,0 4,0
15-19 30 35 45
10-14 35 4,5 55

<=9 4,5 6,5 8,0

If the values in table 8 can be met 10 EES points are earned, 20 EES points are earned if
the heat exchanger can perform according to table 8. Applying the same calculations as
for domestic hot water heat exchanger for the space heating heat exchanger no points in
case 1 are to be earned. The minimum EES standard, 3.0 °C, is still fulfilled, the table
for that can be found in CWA 16975. If the district heating return temperature is cooled
down to 41 °C by the heat exchanger, the best level and 20 points can be achieved. This
91-value is marked as green in table 9, and represents case 2. (European Committee for
Standardization 2015 p.14, p.25)

In section 3.2 the district heating yearly average return temperature in the network was
determined to 55 °C and the average length of district heating network pipes per cus-
tomer was determined to 100 m. The average heat transmission coefficient of a district
heating network in Sweden is 0.8-1.0 W/(m?K), and the average pipe diameter is 140
mm (Frederiksen & Werner 2013 p.83). The Swedish district heating network is highly
similar to the Finnish. The Swedish network has a distribution heat loss between 9-10
%. (Masatin 2016 p.279, p.283) This correlates with the Finnish value, 10 %, mentioned
earlier in section 3.1. In calculations, the value 1.0 W/m?K will therefore be used for
heat transfer coefficient and 140 mm for average pipe diameter. Average temperature in
Finland nationwide is 3 °C. (Ymparistoministerid 2007a p.56) District heating pipes are
installed 0.5-1.0 m below the ground and the average temperature at that depth, with
some offset, can be considered the same on annual basis (Frederiksen & Werner 2013 p.
80). The average annual distribution heat loss per customer can be calculated with for-
mula (Masatin 2016 p.280)
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Q = KD L(T, — Ts)h - 0.001

where:
Q is yearly distribution heat loss in district heating return pipe in kWh
K is network effective average heat transmission coefficient in W/m?K
T, is district heating return from example building in °C
Ts is yearly average soil temperature in °C
L is average distance in district heating network between customer connections
inm
Da is average district heating pipe inner diameter in m
8760 is hours in one year
0,001 is factor to convert Wh to kWh

Case 1.

W
Q=10 e m(0.14 m)(100 m)(55°C —3°C) 8760 h- 0.001
= 20035 kWh
Case 2.

Q=10

1 (0.14 m)(100 m)(53°C — 3°C) 8760 h - 0.001
= 19264 kWh

m2K

This shows a saving potential of 771 kWh per year in distribution heat losses if the heat
exchanger return temperature is reduced by 2 °C. Taking into consideration only the
pipe length for this customer the saving would be 1.5 % of the overall heat loss for both
flow- and return pipes. The beneficiary in this case would be the district heating suppli-

er.

Lowering the return temperature also decreases the flow demand for the connected
building since more of the energy is transferred from the district heating water into the
building heating circuit. This reduction in flow demand results in less need for pumping

electricity for the district heating supplier. The following calculation will only consider
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the flow needed for the heating circuit, it will for simplicity be regarded as a separate
substation, with separate piping, also pressure drops will be considered only for the

heating primary side piping and equipment.

Of the energy consumed in residential buildings in Finland in year 2015, 82 % was used
for space heating and domestic hot water combined. This 82 % can be considered the
600 MWh/year district heating energy of the example building. 16 % of the overall en-
ergy was used for heating domestic hot water. This means that approximately 80 % of
the 600 MWh/year, or 480 MWh/year in the example building would be used for space
heating. (Tilastokeskus 2015)

Knowing this, the average heating district heating flow of the building can be deter-

mined for both cases with formula (Energiateollisuus ry 2014 p.5):

. ®
¢= C(Tzh_ T1)

3.6
where:
Q is average required district heating flow to cover capacity in m%h
E is annual district heating energy usage in KWh
his hours in a year
c district heating network water specific heat in J/kg'K
T is average district heating flow temperature in °C
Ty is average district heating return temperature in °C

3.6 is conversion factor from dm?/s to mé/h

Case 1.
(480000 kWh)
0= ] 8760 h 3.6 = 1.57 m3/h
4.186kg—K(85 °C —55°0)
Case 2.
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(Zazeon )

] or __ o
4186 7 (85 °C — 53 °C)

0= 3.6 =1.47m3/h

The customer connection piping is dimensioned to have a 2 bar/km pressure drop and
the main network pipe is generally dimensioned to have 1 bar/km. (Energiateollisuus ry
2006 p.156) The average of these two is 1.5 bar/km, that value will be used in the fol-
lowing calculation. This gives a pressure drop of 0.30 bar, or 30 kPa, for the entire per
customer piping of 200 m, including 100 m flow pipe and 100 m return pipe. The cus-
tomer primary side pressure drops also need to be taken into consideration. The maxi-
mum allowed pressure drop for the heating heat exchanger primary side is 20 kPa (En-
ergiateollisuus ry 2013 p.9). This value will be used in calculations. The substation pri-
mary side piping and component pressure drop will be assumed 5 kPa, and the control
valve pressure drop 30 kPa. The entire customer circuit pressure drop, including the dis-
trict heating flow and return pipes, summarized is 85 kPa.

The pressure drop for case 2, where the flow is decreased, can be determined with for-

mula;

2

2

where:
AP- is pressure drop in district heating per customer piping and substation pri-
mary side pressure drop combined in case 2 in kPa
AP1 is pressure drop in district heating per customer piping and substation pri-
mary side pressure drop combined in case 1 in kPa
Q1 is district heating return flow in case 1 in m%h

Q2 is district heating return flow in case 2 in m%h

Case 2.

AP, = -85 kPa = 75 kPa
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Considering the district heating network pump to have an electrical efficiency factor of
80 % the saving in pump electricity can now be determined using the following formu-
la:

_ APQgh
~ 1000

where:
AP is pressure drop in district heating per customer piping and substation prima-
ry side pressure drop combined in kPa.

. 3
Q is annual average flow in dm?/ s (—m3 éh)

¢ is circulation pump electrical efficiency factor
h is hours
1000 is factor to convert Wh to kWh

E is electrical energy needed to compensate for piping pressure drop in kWh

Case 1.

3
(85 kPa)(0.43 d%) 0.8 (8760 h)
E =

1000 = 256 kWh

Case 2.

o _ (75KkPa)(041 dm?) 0.8 - (8760 h)

1000 = 215 kWh

This shows that an additional 41 kWh electricity saving in pump energy is achieved for
the supplier. This alone does not seem significant, but considering that this saving is 16
% of the pump electricity used to provide district heat to the customer, it becomes high-

ly significant. Especially if applied on a larger scale such as an entire network.
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A 1 °C higher return temperature also causes a decrease in electricity production of
combined heat and power plants by 0.2 %. (Energiateollisuus 2006 p.298) In 2015 73.4
% of district heat was produced in combined heat and power plants. For each unit of
district heat produced, the plants produced 0.35 units of electricity. (Energiateollisuus
2016 p. 3) With these values the annual electricity production from combined heat and
power production can be calculated with the formula:

Eelectricity = Eheating(73-4 %)(0.35)

where:
Eneating 1S €xample building annual district heating energy usage for heating
Eelectricity 1S annual electricity produced as combined heat and power production

abreast district heat production for the example building

Case 1.

kWh
Eelectricity = (480000 T)(73.4 %)(0.35) = 123312 kWh

For case 2, the Eelectricity can be used to calculate an increase of 0.4 % electricity produc-

tion coming from the lowered return temperature.

Case 2.
Eelectricity = (123312 kWh)(0.4 %) = 123805 kWh

This means that the combined heat and power plant electricity production increases with

493 kWh annually abreast the district heat production for the example building.

All three calculations in this category only consider the average per customer pipe
length and capacities and energy consumption of the example building. The calculations
are applicable to any length and dimension of district heating pipes, and the more con-
nected customers take this measure to reduce the return temperature the bigger the sav-

ing for the supplier.
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An example of the effects of temperature reduction was presented by Timo Piippanen in
2015. The district heating utility in the example was a combined heat and power plant
with a yearly production of 30000 MWh, 260 customers and 26 km district heating net-
work length. The result from a 1 °C increase in average annual district heating return
temperature would result in a 0.5-1.5 % increase in heat losses. This combined with the
fact that temperature increase would cause a lower efficiency factor for the electricity
production in the plant, and an increase in pump electricity usage, it would cost the utili-
ty 23000 € per year. (Piippanen 2015)

A saving for the customer can also potentially be achieved, if the district heat provider
has a price system based on flow demand. A higher cooling of the return temperature
means less demanded flow and may result in a lower flow demand tariff. In case 1 we
already know the total flow demand is 2.8 m®h. For case 2 the lowered flow demand is

determined with formula:

. P .
Q= (m 3-6) + @prwn
where:
Q is primary flow demand to cover in m%/h
Qonwh is domestic hot water hourly primary flow demand in m%/h
P is heating capacity in kW
c district heating network water specific heat in J/kg'K
T, is district heating dimensioning flow temperature in °C
Tease2 IS district heating return temperature in case 2 in °C

3,6 is conversion factor from dm?/s to m®/h

Case 2

. 160 kW 0.68m3 2.54m3
Q= ] 3.6 |+ — ="
4.186kg—K(115 C—41°C)
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Using prices from Helen Oy, a large district heating provider in Helsinki, which has
prices slightly below national averages the annual capacity demand costs for the cases
would be as follows (Helen Oy 2017):

Case 1: 8234 €
Case 2: 7767 €

For the customer, the 2 °C lower return temperature would mean a saving of 467 € an-
nually in district heating flow demands costs. The lowered flow demand also frees ca-
pacity in the network, which opens the opportunity for the supplier to provide the flow
to other customers. Using the same prices without VAT the freed capacity (0.2 m3/h)
value as sold to another single customer is determined to 773 €. This means an annual

potential 397 € increase in income for the district heating supplier.

3.3.4 Energy saving functions

Having an automatic electric control system is a requirement for both EES and all sub-
stations in Finland (Energiateollisuus ry 2013). EES points can be earned in four differ-
ent categories by adding energy saving functions to the controller (European Committee
for Standardization 2015 p.27). In this section these four categories are examined sepa-

rately.

Control and limitation of max capacity / primary flow

A reduction in the capacity demand at peaks may be lowered by prioritizing domestic
hot water capacity need over the heating capacity need. In doing so the max capacity
need peaks for the building may be lowered. The annual district heat consumption will
remain the same for the building, but the peaks in demand can be evened out over a
longer period. Inertia in the building will ensure that the room temperature fluctuation
will be minimal even if the heating control valve is closed when domestic hot water us-
age is high (Lindén 2009 p.23-24). A substation with a control system that limits or
closes the heating control valve when the domestic hot water usage is at peak level is
entitled to 5 EES points. This is already highly common in most controllers used in the

Finnish market. An even better result can be achieved if the control system uses data

32



from the energy meter to limit the max capacity or primary flow. With this feature 15

points can be earned (European Committee for Standardization 2015 p.27).

In figure 3, the peaks in district heating capacity demand is illustrated as a curve (solid
line). The dotted line depicts the new capacity demand if domestic hot water prioritizing
is implemented by lowering the heating circuit flow temperature by closing the control
valve. It is clear in the illustration that the peak demand for district heating capacity is
during the morning hours when domestic hot water usage is high. Hourly heat meter
readings are not yet available for every connected customer, but as wireless data trans-
ferring improves it is safe to consider that it will be standard praxis in near future.
Therefore, the following calculation assumes that hourly primary flow readings are

available, and the flow demand tariffs are adjusted accordingly by the district heat pro-

vider.
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Figure 3. Lowered capacity need from limitation of max capacity / primary flow (Lindén 2009 p.24)

As no district heating energy is saved by control and limitation of max capacity or pri-
mary flow functions, a calculation of cost savings from lowering the district heating
flow demand is carried out. The cost of district heating consists of energy consumption
in MWh and capacity demand, or flow demand, in MWh or m®h respectively.

The annual district heating consumption for the example building was determined to be
600 MWHh. The district heating hourly capacity demand was determined to 230 kW or
2.8 m/h. According to figure 3, this can be lowered by 30 % with control and limitation
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of max capacity or primary flow functions. The flow for case 2 is thus considered 70 %
or, 1.96 m%/h, of the 2.8 m*/h. Using the same prices as in section 3.3.3 form Helen Oy,

the annual capacity demand costs for the cases would be as follows (Helen Oy 2017):

Case 1. 8234 €/year
Case 2. 6346 €/year

This indicates a yearly saving in capacity demand costs of 1888 € for the example build-
ing. The cost reduction is not far from linear with the flow demand peak decrease in this
building category. For the flow decrease of 30 %, the cost saving is 23 %. This repre-

sents a 4.1 % decrease in the overall annual district heating costs.

This function is also of high interest for the district heating supplier. As there is a de-
crease in capacity need, more heat can be sold with the same network by connecting
more customers. For comparison, the 30 % saved flow demand in this case is sufficient
to provide district heating capacity to a 15-apartment row house. This would mean ap-
proximately 150 MWh district heat worth more potential revenue for the supplier. (En-
ergiateollisuus ry 2011) If the district heat supplier were to sell this freed capacity to a
building with an hourly flow demand equal to the freed 0.8 m3/h, a saving can be calcu-

lated for the supplier as follows, (prices without VAT for this calculation).

Change in income annually in capacity demand costs from example building due to

lowered demand:

-1522 €

Change in income annually when freed capacity is sold to another building connected to

network:

-1522 € +2152€=630€

Using the same network the supplier can earn 630 € more income annually as a result of

the lowered capacity demand in the example building.
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The pumping costs are also lowered for the supplier. The peaks in flow demand are
what cause the highest pressure drops in the network and customer substations. If the
same amount of energy can be pumped with a more even flow, the pressure drops are

decreased and the electricity usage of the pump is lowered.

If applied to a larger scale the reduced peak load demand may also affect the district
heat production positively. When the outdoor temperatures are cold, the electricity and
heat demand is high. This is when primary energy sources are used most in the produc-
tion in order to meet the needed capacities in the electrical grid and district heating net-
work. Evening out the peaks in demand for district heating may decrease the need to use
primary energy sources, which is directly linked to reduction in CO2 emissions. (Lindén
2009, p.10)

Indoor temperature data

Most district heating substation controllers regulate the heating flow temperature with
the control valve based on outdoor temperature, the relation between the temperatures
form a heating curve. It is essential to indoor comfort and energy efficiency that this
curve is set correctly. This can be difficult as the outdoor sensor does not consider inter-
nal energy sources in the building. Heat emitters such as residents, electronic devices,
and sunlight from windows are causing temperature variation inside the building, while
the outdoor temperature may remain the same. 5 EES points can be earned for the sub-
station if the control system is equipped with a temperature sensor measuring indoor

temperature and the controller is using it to regulate the heating flow water temperature.

The space heating usage in the example building was earlier in section 3.3.3 determined
to 480 MWh/year. This is also the annual amount of energy lost through the building

envelope excluding internal energy sources.

The annual mean outdoor temperature in Finland is 3 °C, the ground temperature under

a building can be considered 5 °C warmer than the outdoor temperature (Ymparistomin-

isterioé 2007b p.19). The building is considered cubical which means that 1/6 of the heat

loss happens through the floor into the ground and the remaining 5/6 through walls and
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roof. With this correction, the Tout can be considered 3.8 °C. The desired indoor temper-
ature is considered 21 °C. An estimation is made that during heating season (9 months)
the indoor temperature in the building rises to 22 °C 50 % of the time as the result of
internal heat loads. This would make the annual average indoor temperature 21.5 °C.
Using a formula, we can determine the average annual heat transfer coefficient in KW/K
for the entire building:

_ (Tcase B TZ)
Rypuilding = T E/h

where:
Tease IS the indoor temperature in each case in °C
T, is the average annual outdoor and ground temperatures at the respective
building surface.
E is district heating space heating energy usage during heating period in KWh
h hours in heating period per year (from 1.9. to 1.6.).
Ruuilding is average thermal resistivity for the building in KW/K

Case 1.

. __ (15°C-38°0) o
building = 480000 kWh)/(6552h) /

For case 2, the hpuilding-value from case 1 is used to calculate the heat loss if the Tcase

temperature is kept at 21 °C.

_ (21°C-3.8°C) 6552 h

02416 KW/K = 466450 kWh

This results in an annual saving of 13550 kWh, or 2.8 % of overall district heating costs.
This is in line with a generally considered energy saving potential of 5 % coming from

dropping the indoor temperature 1 °C. (MTV 2013)

Remote monitoring and control
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7 EES points can be earned if the substation controller can be connected to remote
communication, 15 points are earned if the controller can be controlled remotely. For
both options, it is sufficient if this can be done with add-on modules to the controller.
The maximum points in this category is 25 points, which can be earned if the substation
can be monitored and controlled remotely and read data from the energy meter. (Euro-
pean Committee for Standardization 2015 p.28)

Remote monitoring is essential for optimizing the substation to work in the most eco-
nomical way. If the settings can be modified remotely there is necessarily no need for a
mechanic to visit the site physically. Remote monitoring contributes in helping detect
faults in the entire heating and domestic hot water systems, and can indicate of incom-
ing needed renovations to the substation and heating system. It is impossible to calculate
how much saving these functions realistically may offer, but it is easy to understand that
if the other energy saving functions in this section are implemented into the controller, it

makes sense to monitor the functionality.

One hypothetical situation where gathered data can be highly useful is the following
example:

In March when the weather starts to warm, the building manager of the example build-
ing gets complaints of unnecessarily hot indoor temperatures from tenants. He proceeds
to remotely check the temperature data from the heating flow sensor, it has been be-
tween 54.5 and 55.5 °C for a week in a row and the trend curve is a straight line. He
then checks the outdoor temperature trend and notices that it is stuck at exactly 0 °C,
also for a week. The actual outdoor temperature being 7 °C, an assumption can be made
that the outdoor temperature sensor is faulty and needs replacement. The manager man-
ually sets the heating flow temperature to 46 °C to reduce the unnecessary heat delivery
to the residents. He orders a mechanic to change the outdoor sensor and the job is done
immediately. Were it not for the remote controlling, the mechanic would first need to
visit the site and figure out the problem, and only then could the replacement of the
faulty sensor be done. All while the radiator system still heats the building unnecessari-
ly. Taking the indoor temperature to be 26 °C for three consecutive days if remote con-
trol would not be available, the cost of the district heating energy for the days can be
calculated for each case with formula:
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g _ Tease = To)h
Ryuilding
where:
Tease IS the indoor temperature in each case in °C
T> is the outdoor temperature in this example (7 °C) in °C
E is district heating space heating energy during four days in kWh
h hours in examined heating period

Ruuilding 1S average thermal resistivity for the building in kKW/K

Case 1
B (26°C—7°C)72h

= 2 kWh
0.2416 kW/K 566

Case 2

_(21°C-7°C)72h

02416 KW/K  T172kWh

1490 kWh in this example could have been saved in district heating energy with remote
monitor and control. This example only shows one of the benefits of fault detection by
monitoring. Fault-detection can often be complicated if data is not available, and man-
hours are expensive. It is not uncommon that a building the size of the example building
has maintenance costs of several hundred euros associated with the substation control-
ler. The older the building is, the higher these costs tend to be. For the example building
an estimation is made that 2/3 of the annual costs are caused by temporary temperature
fluctuations causing controller alarms, while the remaining 1/3 are necessary in terms of
the substation operation. Annually 3 instances occur, where in case 1, a service mechan-
ic needs to be sent physically to the substation. Each instance cost 150 €, consisting of 2
man-hours and transportation compensation. In case 2, only 1 such instance occurs, as
the other 2 can be eliminated with remote monitoring and control. The annual costs for

these service calls for each case is:
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Case 1. 450 €
Case 2. 150 €

A saving in service and maintenance costs of 300 € annually is highly likely with re-
mote monitoring and control.

The remote-control functionality is also useful for optimizing the system even if all
components are working. In single family houses this can be used to lower the indoor
temperature while going away for a longer time. This way energy is saved, and the heat-
ing can be turned back on remotely a few hours before returning resulting in no lost

comfort.

In an article by Henrik Gadd and Sven Werner from Applied Energy in 2015, a study of
140 substations located in Helsingborg and Angelholm in Sweden shows that an annual
5 % fault frequency occurred in primary side temperature differences. The study includ-
ed both old and new, large substations. The 5 % result comes from faulty system operat-
ing parameters, faulty components or wrongly dimensioned components in customer
substations. The praxis when renewing a substation for old buildings is often to take
dimensioning parameters from the old substation. This will result in possible dimen-
sioning errors and poor component choices; it would be recommended to redesign the
substation completely, based on energy meter readings, and keeping in mind energy ef-
ficient design. Follow up with remote monitoring should also be considered in all cases.
The authors of the Applied Energy article conclude the benefits of district heating re-
mote monitoring perfectly in one sentence: “This [hourly meter readings] is a basic
condition for more efficient district heating systems in the future.” (Gadd & Werner
2014).

ECO-function

If the substation controller has an ECO-function that closes the heating control valve
and shuts off the heating circulation pump when the outdoor temperature exceeds a pre-
set value 5 EES points are earned. A saving in pump energy can be achieved with this
function. At the same time, it makes sure that no heat is delivered to the building unless

it is needed. (European Committee for Standardization 2015 p.28)
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Calculating the energy saving potential from the ECO-function is done in two parts, first
the heating pump electricity savings are taken into consideration.

For calculating energy consumption and heating capacity demands in Finland a test year
containing hourly temperature data from three different locations in Finland over a time
between 1980 and 2009 has been produced. This data is meant to represent realistic av-
erage temperatures of different regions in Finland and is to be used when calculations of
yearly energy consumption are done (Ymparistoministerio 2007b p.56-64). The data
used for the test year can be retrieved in excel format for each of the three locations.

Temperature data for each hour of the three years has been retrieved from the table and
each hour the temperature exceeds 16 °C has been counted, divided by three, and
summed up to 939 h per year as an average in Finland. This figure will be used in the

calculation.

The heating pump was earlier in section 3.3.2 specified. The secondary side combined
pressure loss is considered 55 kPa. The ECO-function is to be set to turn off the pump
when outdoor temperature exceeds 16 °C, which is when the demand for space heating

iS nonexistent in most cases.

Using the following formula, the energy consumption of the heating pump during the

whole year for each case can be determined:

where:
P is pump output power in kW
¢ 1s circulation pump electrical efficiency factor
h is hours

E is pump electrical energy usage in kWh/year

Case 1.

o _ (8760 h)(0.177 kw)

0.99 = 1566 kWh

40



Case 2.

E= (8760 h — 939 h)(0.177kW)

0.99 = 1398 kWh

168 kWh saving in electrical energy from having an ECO-function in the substation
controller is achieved.

The other potential saving is in district heating energy. By optimizing the set point for
the ECO-function, a saving can be achieved from preventing any heating energy from
being delivered to the heating circuit when it is not needed. As the heating pump is
stopped, no excess heat is delivered from the substation when the function is active. If
the heating pump would still be operating, the water circulating in the system would still
to some amount be heated from leakage in the heating control valve. If the ECO-
function set to 16 °C, the control valve will shut completely when that outdoor tempera-
ture is exceeded, preventing the heating network from causing the indoor temperature to
rise higher than the desired 21 °C. For calculations, an assumption is made that when
the outdoor temperature exceeds 16 °C, the indoor temperature rises to 22 °C. The heat-
ing control valve is considered be closed completely whether there is an ECO-function
or not when the outdoor temperature exceeds 19 °C. On average these conditions, where
the outdoor temperature is 16-19 °C, apply 487 h in Finland and the average tempera-

ture during those hours is 17,3 °C. Calculations for the cases can be done with formula:

o _ (Tease = T)h
Rpuilding

where:
Tease IS the indoor temperature in each case in °C
T> is the outdoor temperature in this example (16 °C) in °C
E is heat loss through building envelope during the examined conditions in kWh
h hours in examined heating period
Ruuilding IS average thermal resistivity for the building in KW/K

Case 1.
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_ (22°C—17.3°C)(487 h)

0.2416 KW/K = 9474 kWh

Case 2.
B (21°C—-17.3°C)(487 h)

= 7458 kWh
0.2416kW/K >8

2061 kWh can be saved in district heating energy with the ECO-function in the example
case. To utilize the ECO-function to its full potential, it is recommended the controller
also has access to indoor temperature data. This way the ECO-function can be turned on
when the indoor temperature rises above 21 °C, or, whenever the outdoor temperature
exceeds a set point as a preventive measure before the indoor temperature gets to rise

unnecessarily high.

3.4 Conclusion of calculations

To get a better picture of the results the potential savings in all categories would need to
have a common unit of measurement. On top of this the savings affect both the district
heating supplier and the customer. The control and limitation of max capacity / primary
flow function affects the capacity demand costs and influence the overall district heating
price per unit in doing so. Some of the functions and specifications resulting in savings
partially overlap each other and of course, vary from case to case. Some of the catego-
ries for savings also contribute to larger saving potential in another category. All this
considered there is still undeniable saving potential in both electricity and district heat-
ing energy as well as in costs, for both the customer and the supplier. In the example
case the total saving potential in energy efficient design of district heating substations in
annual energy consumption is 3.3 %. The annual cost saving for the costumer is 8.6 %.
In energy the saving annually is 20.09 MWh. In table 10 the savings are summarized. It
is important to consider that this calculation was done for a new building. Old buildings
use more energy per square meter, the substation technology may be outdated or faulty,
and thus affecting the efficiency of the heating system and district heating network.
Therefore, the saving potential in renewing an old substation is generally significantly
higher.
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Category of energy
saving measure /
function
Heat losses (from

primary side pip-
ing)

Pressure losses in
secondary side
heating

Cooling of the
return tempera-
ture, domestic hot
water

Cooling of the
return tempera-
ture, heating

Control and limita-
tion of max capaci-
ty / primary flow

Indoor temp

Remote
monitoring+control

Eco function,
electricity

SUM:

Energy saving
in MWh

0.19

0.77

0.04

0.49

13.55

1.49

2.06

20.09

Table 10. Summary of calculations.

Summary of calculations

Cause of difference

Better piping insulation reduces heat
losses.

Lower pressure drop in secondary side
heating heat exchanger reduces pump
electricity usage.

No difference, K1 minimum require-
ments entitle to max. EES points.

Lower return temperature reduces
heat losses for district heating return
pipe.

Better cooling of the district heating
water means less required flow and
pumping electricity consumption is
reduced.

Improved efficiency for combined heat
and power electricity production
caused by lower return temperature.
Less required flow for heating results
in lowered district heating flow de-
mand tariff. *

Less required flow for heating means
capacity can be sold to other custom-
ers using same network. *

Less required max capacity results in
lowered district heating flow demand
tariff. *

Freed capacity can be sold to other
customers using same network. *

Controlled indoor temperature reduc-
es heat loss from building.

Fault detection reduces possibility of
system functioning improperly.

Fault detection reduces costs in ser-
vice man-hours.

Heating pump automatic shut-off
when flow is not required reduces
pump electricity usage.

No heat is delivered into circulation
when not needed, reduces heat losses
from building.

Energy prices (based on average 1.1.2017)

District heating energy

Capacity demand cost

Electricity (including distribution)**

69.66
111
100

* Savings based on capacity demand costs (Prices from Helen Oy 2017)
** Estimation of average in Finland
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Beneficiary and
saving object

Customer in dis-
trict heating ener-
gy

Customer in
electricity

Supplier in district
heat

Supplier in district
heat

Supplier in district
heat

Supplier in district
heat

Customer in dis-
trict heating cost
per unit

Supplier in district
heat income

Customer in dis-
trict heating cost
per unit

Supplier in district
heat income

Customer in dis-
trict heating ener-
gy

Customer in dis-
trict heating ener-
gy

Customer in
maintenence costs

Customer in
electricity

Customer in dis-
trict heating ener-
gy

SUM:

€/MWh
€/MWh
€/MWh

Annual
saving for
customer

107.33 €

18.80 €

467.00 €

1888.00 €

1094.30€

120.33 €

300.00 €

16.80 €

166.45 €

4179.01 €

Annual
saving for
supplier

- €

53.71€

4.10€

49.30 €

397.00 €

630.00 €

1134.11€



4 SOFTWARE FOR TENDER SPECIFICATION DOCUMENT

The Alfa Laval Eco-efficient substation tool was developed for consultants to use when
compiling tender specifications to Alfa Laval’s heat exchanger system sales company,
Armatec OY. It is intended to be uploaded once EES labelling is officially released.
This software is important in driving the customers towards greener solutions and in-
vesting in a higher quality product that will run more ecologically throughout its

lifespan.

The benefits of having a software to do the calculation is that it helps the customer and
consultants easily see which functions and performance standards influence the EES-
label. It minimizes the possibility for misinterpretation of the substation manufacturers
in the tendering process, and may help reduce instances where the contents of the offers
differ between manufacturers. As the tool calculates a saving potential in percent, it may
also help consultants to justify to the end customer to choose a more energy efficient
product. As the software is meant to be used in Finland first, it is entirely in Finnish,
however it is designed so that once finalized and released, multiple language versions
may be developed with the same concept.

4.1 Starting a project

After registering and logging in to the web-page, the user is directed to a personal pro-
ject page. On this page, new projects can be started and old projects are listed and can
be opened, modified, printed or removed. A search field helps to navigate the project
page and the user can search for projects based on multiple inputs such as contractor,
project name, address or project number. To start a new project, the user will need to
specify a project name, a contractor and a unique project number. Once this is done the

new project can be started by clicking a button.

The new project template is opened and the user can now fill out more project related
information, specify dimensioning values and choose options that influence the EES-

label and add additional components that may be needed in the substation. A flowchart
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is also displayed that updates automatically based on component choices, connection

types and number of circuits.

~Urn Aoitussivu | Omat projektit Tekniset fiedof Linkit | Tatlenna tiedotl| Kijaudu uios
NG ‘

Projektin tiedot Suunnittelutiedot

Ensiopuolen putkien erstys [ USING.

Lémpétilachjelmat, painehavistja virtaamat

Limmonsiirrin 1, kaytisvesi (LS1) Limmansiirrin 2, 13mmitys (LS2)
Toho: 4501w Teho: 420 kW
Kaukolampotulo:  [70 | C Kymavest [10 |©€ Kaukolampo tulo: 115 | °C Toisio meno: |70 o
Kaukolampo paluu: (20 | 'C Lamminvest [58  |C Kaukolampo paluu: | 42 ¥ | °C Toisio paluu: |40 :
Suurimmat sallitavat painehaviot Suurimmat sallitavat painehaviot
KPa ¥a
! KkPa KPa
Kietron virtaama ja painehavic Kierron virtaama ja painehavio
Kayttoveden kierron painehavio. | kPa Verkoston painenavis: ) | KkPa

( KPa 85 |kPa

Kayttoveden Kierron pumpun vitaama: [050_|vs Purpunisame: (125 ] 15

Figure 4. Screenshot from software, basic project information data form.

In figure 4 the design and layout of the project page can be seen. The colored input box-
es all influence the EES-label. Green represents best level, yellow and orange the mid-
dle levels and red indicates no points in that category is earned with the present value.
On the right is a summary of points in different categories, with a gauge displaying cur-
rent point status. The EES-label is also displayed here and changes dynamically. In fig-
ure 5 the flow chart can be seen. The checkboxes represent some common additional
components that may be needed in the substation, the flow chart is dynamic and dis-

plays the components of the boxes that are checked.
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Lisdvarusteet

Lammonsiirrin 1, kdyttovesi (LS1)

Lamménsiirrin 2, lammitys (LS2)

Tupla saatoventtiili: v Tupla saatéventtiili: |
Linjasaatoventtiili: Linjasaatoventtiii: ¢
Kylméan veden vesimittari: limanpoistin:
Kytkentdkaavio
]

&

AG

!
| ALFA LAVAL lamminjakokeskuksen toimitusrsja
|

Figure 5. Screenshot of dynamic flow chart.

The EES-points are also compiled into a table dynamically as seen in figure 6. A factor

of points compared to annual saving potential has been determined based on the calcula-

tions done for the example building. This is displayed as an estimation of annual run-

ning-cost saving potential below the score-table.
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Alfa Laval lammonjakokeskuksen Eco-efficient Substation piteytys

Minimipisteet = Minimipisteet Minimipisteet Saavutetut

Pistekategoria Maximi pisteet

hopea-taso kulta-taso platina-taso pisteet
1. Ensidpuolen putkien eristys 0 0 0 10 0
2. LS2/(LS3) toisiopuolen painehaviot 0 0 3 5 3
3. Kaukolampoveden jaahtyminen, LS2/(LS3) 0 10 10 20 10
4. Kaukolampoveden jaahtyminen, kayttovesi LS1 0 % 7 15 15
5.1 Huipputehon / ensiévirtaaman hallinta ja rajoitus 0 0 0 15 15
5.2 Sisalampotilan mittausdatan hyodyntaminen ohjauksessa 0 0 0 5 5
5.3 Kaukovalvonta ja etaohjaus 0 7 15 25 25
5.4 Eco-toiminto 0 5 5 5 5
YHTEENSA 16 45 70 100 78

Eco-efficient Substation-merkinta

Platina

Arvioitu vuosittainen sdasto kaukolampoon liittyvissa kustannuksissa: 6.3 %

Vertaus tehty K1 minimivaatimuksiin nahden pisteiden ja kustannusten valisella kertoimella

Figure 6. EES-points and label screenshot.

When the user is done with inserting project information and dimensioning values the

project can be saved from a button in the navigation bar.

4.2 Tender specification output

After saving the project, the software redirects the user back to the personal project
page. From there, a print-page with compiled project information can be opened. On
this page a technical specification with a summary of the EES-labelling points, EES-
label and flow chart can be printed to a file or on paper using the browsers own print
function. A tender specification for the example building with full 100 EES points has
been generated with this software (Appendix 1).

Usually consultants also provide a written specification along with the flow chart and
dimensioning values. In the written specification is often described certain additional
requirements that the substation must fulfill. On the print page in the software, a box is
displayed which will not print. But it has certain texts that the user may copy into their
own written specification to ensure that the specification is in unison to fulfill the EES

label requirements. This way the consultant can ensure that all manufacturer offers up-
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hold a certain standard and that the EES-label will be the same for all offered substa-

tions.

5 NEED FOR EES-LABELLING

The calculations clearly show a potential environmental, customer and supplier benefit
in energy efficient design of substations. In this section the need for labelling is dis-

cussed from market fairness, consumer and environmental point of view.

5.1 Market fairness and transparency

From a market fairness perspective, it seems reasonable to be able to assure the substa-
tion customer of a superior performance compared to the minimum requirements. The
EES-label works as a tool for this, and represents a high-quality standard, that will result
in better energy efficiency of the product. As a certification is needed to have the right
to use the EES-label, the consumer is made aware that the product has been thoroughly
tested and approved by the certification board. It levels the playing field between manu-
facturers as the same standard for the label is applied for all manufacturers and substa-

tions in the EES range.

EES-labelling could also benefit the competition between district heating and other
forms of heating. Compared to ground heating, district heating is, in the core, very reli-
able and simple technology with clear dimensioning parameters. The energy consump-
tion is also highly predictable for a substation. For ground heating, a label would not
work as well, since it is hard to predict the ground properties and amount of energy that
can be extracted per well and meter depth. If the dimensioning of ground heating is
done improperly and the heat extraction is too low, the electricity usage rises as the
peaks in heat demand are taken care of by electric heaters. In case of over dimensioning,
the investment cost is unnecessarily high for the case in question. Ground heating sys-
tem manufacturers use their own dimensioning parameters and therefore the needed
well-depth and count varies between competitors (Kilpijarvi 2015). This is not possible
for district heating as the temperature programs are set. But if even higher standards,

and stricter dimensioning parameters than the minimum requirements are used, to im-
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prove the product, the EES-label is a fitting tool to use to ensure the customer of the

quality.

If the substation manufacturer has an EES-certificate, the risk of dimensioning errors for
substation components are lowered substantially even further, as the process of dimen-
sioning must be done per both EES specification and local regulations. The EES-
certification can thus further strengthen the benefits, reliability and consumption pre-
dictability, of district heating compared to other forms of heating. The running cost sav-
ings gained from an EES platinum label may also contribute to the cost competitiveness

of district heating.

5.2 Benefits for the consumer and environmental impact

Designing a product, more energy efficient than mandatory, will without consumer
awareness of the benefits in doing so, have no environmental impact. This is since with-
out a document, or label, pointing out the differences in performance and quality the
average consumer will likely choose the cheaper one. Company branding may distort
this statement to some extent, but a label proving the values the branding is based on,

may contribute to the impact.

From an environmental point of view, the EES-labelling is therefore needed to help the
consumer make greener choices. Generally, a substation saving 8.6 % in running costs
annually has a very short payback time, which would be the case in the example calcu-
lation. This is a clear benefit for the consumer when the whole lifespan of a substations
costs is examined. There is also no other energy labelling system for district heating
substations in Finland, so for the consumer to know the performance they would need to
have extensive knowledge of the subject. Almost all components in a substation has
their own data-sheet with figures contributing to the overall efficiency of the substation.
But there is no data-sheet that presents the energy efficiency performance of the com-
plete substation. When buying a refrigerator, the layman is not interested in the electri-

cal efficiency of the individual components, but rather of the whole product. For refrig-
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erators in EU, an energy label is required by law, why should heating substations be any

different?
The EES-label provides the consumer an easy access, and uncomplicated tool for mak-

ing environmental-friendly choices, at a cost that is payed back within the first half of

the product lifespan.
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APPENDIX 1, printed software output document
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Alfa Laval Kaukoldamp6 lammonjakokeskus Sivu 1/2

Suunnittelijan nimi: Rasmus Lillqvist
Rakennuttaja: ExampleContractor
Projektin nimi: Thesis Example Building
Projektin numero: 559977

Kohteen osoite (toimitusosoite): Project address here

Postinumero ja toimipaikka: 00000 Helsinki

Malli:
Tarjousnumero:

Tekninen erittely

LAMMONSIIRTIMET

Lammonsiirrin 1, kayttovesi (LS1)

Lamm@nsiirrin 2, lammitys (LS2)

Valmistaja

Alfa Laval

Alfa Laval

Tyyppi

-Ei maaritetty-

-Ei maaritetty-

Tehot

kW

345

Ensi6 Toisio

Ensio Toisio

Lampdétilat

70-20 10 - 58

115-43 40 - 60

Virtaamat

Painehaviét

50 20

20 20

PED-kategoria

Materiaali

AlISI 316

AISI 316

Serifiointi

AHRI 400

AHRI 400

SAATOLAITTEET

Saadin

Saatoventtiilien valmistaja

Saatéventtiili 1

Saatéventtiili 2

Virtaama

Is

Painehéavié

kPa

koko/kvs SV1

DN/kvs

Toimlaitteiden valmistaja

Toimilaite 1

Toimilaite 2

PUMPUT

Pumppujen valmistaja

Tyyppi

YksOispumppu

Yksoispumppu

Virtaama

0.37

1.91

Nostokorkeus

kPa

40

55

Teholvirta WI/A

Jannite \%

TOISIOPUOLEN VENTTIILIT

Tyyppi Sulkuventtiili
VERKOSTO, PAISUNTA-JA VAROLAITTEET

Linjasaatoventtiili

Verkoston tilavuus / verkoston painehavio I/kPa 35

Paisunta-astian tilavuus / esipaine I/kPa

Varoventtiilin koko / avautumispaine DN/bar

PUTKIKOOT

Kaukolampb tulo / paluu DN

Kylma vesi / lammin vesi DN

Lampiman kayttéveden kierto DN

Lammitys meno / paluu DN
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Alfa Laval Kaukoldamp6 lammonjakokeskus Sivu 2/2
Malli:

Kohde: Thesis Example Building

Tarjousnumero:

Tekninen erittely

LISAKOMPONENTIT (piirikohtaiset) Kayttovesi Lammitys
Kylman veden vesimittari -
limanpoistin -

LISAKOMPONENTIT (yleiset)

Paine-ero s&adin

ECO-EFFICIENT SUBSTATION PISTEET Pisteet
1. Ensidpuolen putkien eristys 10
2. LS2/(LS3) toisiopuolen painehaviot 5

3. Kaukolampdveden jadhtyminen, LS2/(LS3) 20
4. Kaukolampdveden jadhtyminen, kayttovesi LS1 15
5.1 Huipputehon / ensidvirtaaman hallinta ja rajoitus 15
5.2 Sisalampétilan mittausdatan hyédyntdminen ohjauksessa 5
5.3 Kaukovalvonta ja etdohjaus 25
5.4 Eco-toiminto 5
YHTEENSA 100
LAMMONJAKOKESKUKSEN EES-MERKINTA Platina
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ALFA LAVAL lamménjakokeskuksen toimitusraja

2.5.2017

http://localhost/ALpages/outData.php?id=169



