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Abstract

The 4th generation Low-Temperature District Heating (LTDH) is envisioned as a more efficient and environmentally friendly
solution to provide heating services to the building stock. Specifically, in countries already with a large share of well-established
DH systems, conventional DH and LTDH technologies will be operating simultaneously in the near future. Newly built or
refurbished buildings have lower heat demands, which in combination with LTDH brings potential savings compared to
conventional DH. This work explores the advantages in DH operation by connecting these loads via LTDH subnets to a
conventional DH system, supplied by a Combined Heat and Power (CHP) plant. A techno-economic analysis was performed,
through modelling and simulation, by estimating the annual DH operating costs and revenues achieved by the reduction in return
temperatures that LTDH would bring. The savings are related to: (1) the reduction in distribution heat losses in the return pipe;
and (2) lower pumping power demand. Likewise, additional revenues are assessed from: (3) improved Power-to-Heat ratio for
electricity production; and (4) enhanced heat recovery through Flue Gas Condensation (FGC). The annual savings per kWh of
delivered heat are estimated as a function of the penetration percentage of ‘energy efficient’ loads over the conventional DH
network. Key outcomes show the trade-offs between the potential savings in operating costs and the reduction in heat demand:
relative losses in this scenario are maintained at 13.1% compared to 15.3% expected with conventional DH; and relative pumping
power demand decreased as well. In other words, the costs of supplying heat decrease, even though the total heat supplied is less.
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1. Introduction

The current district heating technology is facing changing circumstances that challenge the profitability of the
DH industry in the future. Existing DH production and distribution networks have been appropriately designed
technically and economically for typical levels of heat demand. However, due to factors such as new energy
efficiency policies in place, the heat demand in urban areas is expected to gradually decrease in the future [1],[2].
New directives on the construction and refurbishment of buildings define higher requirements of building energy
performance, so the existing DH system may not be as technically and economically effective to cope with a
decrease on heat demand and heat density. Thus, the system requires an enhancement to effectively adapt to the
changing conditions so as to maximize their benefits [3].

Heat demand and linear heat density are two related parameters that determine the profitability of a DH system.
However, heat density in the future will decrease due to multiple factors, including building renovation and global
warming [4],[5]. Consequently relative distribution heat losses are higher, and so, from the supply and distribution
perspectives, investment and operating costs increase relative to total heat sales. Since the return of investment in
DH systems is based on heat sales, which depend on the heat demand over periods of several years, the profitability
of new DH networks, expansions and/or refurbishment of the existing ones should be carefully planned and
analysed.

The DH industry is facing challenges of lower linear heat density in existing DH networks, on top of servicing
newly built energy efficient buildings, whose connection might not be either effective or profitable if the
conventional DH technology is used. In light of these issues, the 4™ generation Low Temperature District Heating
(LTDH) set of technologies described in [6] is projected as a solution able to cope with the coming challenges to be
able to cost-effectively provide heating services to the building stock.

Nomenclature
Acronyms Greek symbols
CHP combined heat and power o power-to-heat ratio [MW . /MW,]
DH district heating A delta, difference [-]
DHW  domestic hot water A thermal loss coefficient [W/m_ K]
FGC  flue (exhaust) gases condenser
HEx  heat exchanger Subscripts and superscripts
LEB  low energy buildings amb ambient/outdoor
LHV  low heating value el electrical
LT low-temperature eq equivalent
LDC load duration curve g ground
SH space heating loss heat losses related
TMY  typical meteorological year mch marginal cost of heat
r return line
Latin Characters s supply/forward line
C cost [EUR] sav savings related
h specific enthalpy [kJ/kg] sr substation return
/ pipe length [m] th thermal
m mass flow rate [keg/s] tot total
P power [kW]
q heat load [kW]
(0] heat [kWh]
t temperature [°C]
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Due to the lower operating temperatures, LTDH has the potential to reduce the network distribution heat loss,
among others. LTDH is characterised by network operating temperatures below 65°C for the forward flow and
aiming for 25°C in the return. Less heat losses lead to lower temperature drop along the network, thus for a given
heat demand a lower flow rate is required, and so the pressure drop also decreases. Consequently, this results in a
lower pumping energy demand [5] as well. LTDH represents a potential advantage for DH operation by keeping
relative losses at margin, and potentially making the connection of low heat density areas more cost-efficient.
Moreover, the DH network coverage could be expanded to service more customers incurring in lower investments.

It is expected that the DH sector will experience a transition period of several decades during which both the
conventional DH networks and the LTDH will be operating simultaneously, complementing each other to meet the
thermal energy demand of the building stock. Particularly, in countries with a large share of well-established DH
systems, LTDH can be integrated to the existing systems through secondary (cascade) networks operating at lower
temperatures and pressures. In the longer term, a nearly full penetration of the 4™ generation DH technology is the
target [1],[6].

1.1. Operating temperatures and distribution costs

Nominal and operating network temperatures (supply/return) influence investment and operating costs of the DH
system components. Since production and distribution costs are closely related to these temperatures, they are key
factors in the overall techno-economic design and operation of the system, as well as its optimisation [7]. While heat
producers set the network supply temperatures to optimise their operation and profits, the return temperature is the
result of the combination of the customer base substations which should comply with minimum design and
operating conditions, although malfunctioning is common. Heat production units (HPU) have little influence over
this, except for establishing higher tariffs on high return temperatures. Improved operation and settings of the
substations can lead to lower network return temperatures, and therefore a more efficient network operation.

Regarding heat generation costs, the impact of the supply temperature is dependent on the heat generation
technology in place. On the other hand, the impact of the return temperature on these costs is usually larger, and it
benefits the efficiency of heat pump systems, renewable energy systems such as solar and geothermal, as well as
heat recovery from industrial processes and exhaust gases. Likewise, lower return temperatures enable a higher
electricity production capacity at CHP plants. Concerning heat distribution costs, lower operating temperatures in
both, supply and return flows, lead to reduced heat losses. Moreover, a decrease on the return temperature (or
increase of supply temperature) increases the delivery capacity of the network, i.e. the heat transport per unit mass
of heat transfer fluid. As a result, the flow rate required is lower and thus the pressure drop. Assuming the same
amount of heat shall be supplied, increasing the temperature difference between the supply and return flows lead to
lower pumping costs.

In terms of distribution heat losses and pumping energy on conventional DH systems, there are limited studies on
the impact of end-use energy savings until now. In a previous study [8], proposing a methodological approach to
assess the minimization of losses and pumping energy, the authors optimize both a conventional DH scenario and a
LTDH one; however, only in a supplementary scenario they considered a heat demand reduction of 20% due to end-
use energy savings. In other relevant contributions, a methodology to estimate cost savings and additional
production resulting from lower return temperatures was described in [9] and summarized in [7]. However, this
methodology is applied on existing DH systems with conventional operation without referencing LTDH technology.

The purpose of this paper is to present a techno-economic assessment of the impact of LTDH subnets and energy
efficient loads on operational costs and revenues of a conventional DH system. This study considers both the impact
of the reduction of the return temperature, as well as the heat demand reduction as a result of the end-use energy
savings due to renovation and LTDH. Furthermore, besides the thermodynamic analysis of temperatures,
distribution heat losses, and pumping power, an economic evaluation of the savings and potential earnings is
performed for the scenario of a DH network mainly fed by a CHP plant.
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2. Methodology
2.1. Scenario Description

In this study, we assess the impact of introducing energy efficient loads through LT subnets into a conventional
DH network from a techno-economic perspective. The studied scenario was developed based on a Swedish DH
network studied in [10] supplied mainly by a CHP plant (two-stage extraction) introducing simplifications and
assumptions for ease to be described throughout this section. The total annual heat supplied is estimated at 82 GWh,
from which 10.6 GWh are distribution losses (13%). The load duration curve (LDC) in Fig. 1 depicts the heat
production units, their power and operating hours. The heat input to the DH network is driven by a bio-fueled CHP
station such that the heat demand drives the electricity production. The LDC shows that the year could be divided in
four periods as far as heat production is concerned:

e During the period of low heat load (3100 hrs/yr), all heat is produced by a heat-only boiler in order to satisfy the
domestic hot water (DHW) demand.

e Throughout most of the year (4980 hrs/yr) the supply comes from a CHP unit delivering heat to the network at
part load, and that is also producing electricity. The FGC unit does not run during this period, in order to generate
the maximum electricity possible in the CHP unit.

e When CHP reaches full load, the flue gas condensation unit (FGC) starts operation (330 hrs/yr), adding a
maximum of 14% over the total heat produced.

e During the periods of highest load (350 hrs/yr), when both the CHP and the FGC unit are at maximum capacity,
an auxiliary (peak-only) oil boiler enters operation.

Assuming a moderate building renovation for higher energy efficiency, allowing the use of LTDH, it is assumed
that the space heating (SH) load is 20% lower, that would lead to a 15% reduction in total annual heat demand when
all buildings in the network have been refurbished.

120% EZZ27A Auxiliary Boiler
‘ lue Gas Condensation
100% [ CHP heat
Heat-only Boiler
80% CHP electricity
60%
X
T 40%
©
£
8 20%
0% Iy
-20%
-40%

0 1000 2000 3000 4000 5000 6000 7000 8000
hours / year

Figure 1. Load duration curve (LDC) and heat production units supplying the DH network: The LDC shows the DH network
supplied mainly by the CHP plant, with additional heat recovery through flue gas condensation (FGC) and supported by heat only boilers.
The dotted line represents the shifted heat load profile occurring when all the network customers would have sustained a moderate

renovation to become more energy efficient.
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Moreover, to estimate savings and revenues, two parameters are required: the electricity tariff paid for the
pumping work, and the electricity market spot price at which the CHP electricity is sold. All prices vary throughout
the year, so average values were used for these periods. Table 1 shows the corresponding costs and prices of the
heat production units and electricity. When several heat production units are operating simultaneously, the marginal
cost of heat generation is established by the unit with the highest cost, corresponding to the last produced MWh (the
most expensive).

Table 1. Heat Production Units Capacity and Costs

Marginal Costof  Electricity Market  Electricity Tariff Annual Heat

Maximum Heat (average) Spot Price (CHP) (avg.) Pumping Production
Capacity Ref. [14] Ref. [15] Ref. [16] (baseline scenario)
MWy, EUR/MWhy, EUR/MWh,, EUR/MWh, GWhy/yr
Heat-only boiler 5 69 - 59 9.1
CHP (partial load) 17.5 62 22 55 56.8
CHP (full load) + FGC 17.5+2.5 62,10 30 51 72+0.3
CHP + FGC + Aux. Boiler 17.5+25+5 62,10,84 30 51 7.1+09+0.8
Network Total 25 82.1

Table 1. The characteristics of the heat generation units in place for the baseline scenario are shown. The marginal cost of heat generation
depends on each production unit, being the highest for the auxiliary (peak-only) boiler. Electricity prices and tariffs vary slightly from
summer to winter, so average values are used for each period.

2.2. Modelling: substations, subnets, & representative network

In order to study the temperature profile of the piping in an accurate and simplified manner, a single linear
network branch was modelled. The loads on this representative branch are assumed to be of the same magnitude and
regularly distributed along the length so as to define a constant baseline. Each load (customer) represents a subnet
coupled by an individual DH substation, all with similar load and temperature patterns.

The substations allow hydraulic separation from the main network as well as the operation at different
temperature levels. In this analysis, the substations are firstly assumed to operate with a conventional DH
temperature programme (100-40/43-60), and they are gradually replaced by LTDH substations. This replacement
occurs at the subnet level assuming large buildings are renovated or secondary networks with a group of customers
are refurbished. The various load and temperature dynamics inside the subnets are aggregated in the substation
patterns as hourly steady-state conditions. It is assumed that all substations present similar patterns.

In order to compare the impact of the LTDH subnets on the primary network, one LTDH substation arrangement
is simulated and compared to a conventional substation selected as a reference. The reference substation is based on
commercially available equipment [12], suitable for this type of application (a multi-dwelling building with c.a. 50
multi-family households). Each substation is designed for a nominal load of 250 kWy, that is assumed to occur when
the outdoor ambient temperature reaches -20°C. For this study, the outdoor ambient temperature distribution data
used correspond to a Typical Meteorological Year (TMY) which is a statistically representative year at the selected
location, in this case Stockholm, Sweden. The data are obtained from the uniform meteorological data base
Meteonorm [13].
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To study and compare the performance of the network, substations and subnets, a thermodynamic simulation
model of each system was developed. A particular toolbox, detailed in [11] and based on Matlab/Simulink, was
employed containing the thermodynamic models of most of the components, and the numerical models were then
solved by the software internal optimization algorithm.

2.2.1. Operating temperatures and flows

Two of the main parameters that determine the operating costs of a DH network are the supply/return
temperatures and the mass flow rate. The temperatures are related to the distribution losses and the mass flow rate to
the pumping power. The supply flow temperature is defined by the heat production unit. The supply mass flow rate
is calculated with Equation (1) as the addition of the flow rates demanded by the individual substations according to
the corresponding loads, plus the make-up water flow required to compensate for heat losses.

m — an +m — zn Qn + 6.Iloss (1)
tot 1 b a-loss 1 (hs - hsr) (hs - hr)

Where 71 is the mass flow rate, n the number of substations, ¢ the load per substation, and /4 the specific
enthalpy of the flowing water. The subscripts are s for supply, » for return, and s for the substation return (outlet).

The return mass flow rate is equal to the supply, but the temperature profile varies depending on the individual
substations return temperature and flow. In order to calculate the local temperatures of the return flow a mixing flow
equation is used. The temperature is then calculated from the local enthalpy values as in Equation (2):

n
Myoihror = Zlmn hy (2)

2.2.2. Distribution heat losses

In DH networks, the magnitude of distribution heat losses generally have a rather uniform distribution throughout
the year, particularly for the return pipe whose temperature has comparatively less variation than the supply pipe
[17]. For the latter, losses are slightly lower in summer compared to winter due to the lower supply temperature set
by the utility during the non-heating season. Therefore, while absolute losses are rather uniform throughout the year,
relative losses are the highest during summertime when loads are the lowest.

The overall heat transfer resistance between the DH water and the environment is mainly composed of the
thermal resistance of the insulation and the thermal resistance of the ground; the thermal resistance of the pipe wall
and the convective resistance at the surface water-pipe are in practice negligible compared to the other two. This
heat transfer resistance is in reality dependent both on temperature and time: the time dependency due to ageing of
the pipes. In this analysis, the steady-state loss is estimated using a constant average value for thermal loss
coefficient; this approach commonly employed yields acceptable results from the engineering point of view. In this
case, two values are used: one for the supply pipe and another for the return, in order to account for the dependence
on the average supply/return temperatures: A, ; = 0.520 W/m_K and /., , = 0.505 W/m_K, which are within the
typical value range of newly built DH piping in northern Europe [18].

In this study, the distribution losses are calculated for steady-state conditions, and the total heat loss in the
network is calculated as the sum of the individual heat losses in each pipe section assuming regularly distributed
loads. The temperature drop along the pipes due to distribution heat losses is at this point neglected. The heat losses
per pipe section can be calculated as:
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qs = (ts - tg) . Aeq_s -1 (3)

Gr=(tr —t5)* degr-l “4)

Where ¢ represents the heat flow from each pipe in kW, ¢, and ¢, are the supply and return temperature of the
pipes respectively, ¢, the undisturbed ground temperature, A, the equivalent thermal coefficient in W/m_K (for a
buried one pipe/conduit in a two-pipe system) and / the length of the pipe section. The undisturbed ground
temperature is approximated [19] as the average air temperature for the defined period.

Heat losses are also proportional to the pipe diameters, which are larger near the supply unit or backbone
distribution loops, and smaller at the end of branches. In this case, the lambda coefficients used assume an equal
average pipe diameter [20]. The total distribution heat losses are calculated using a representative network branch of
20.5 km length. Typically, for piping types of two buried pipes (or conduits), the ratio of losses from the supply pipe
to the return pipe hold a relation of at least 2:1, i.e. for every kW of heat lost in the return pipe, 2 kW or more are
lost in the supply pipe. Hence, the heat loss occurring in the return pipe would count up, in average, to a maximum
of one third of the total heat loss.

2.2.3. Pumping Effort

Pumping work is necessary to circulate the flow from the heat production unit to the customers. Thus, the pumps
have to be able to overcome the pressure drop due to friction and keep the differential pressure between the supply
and return pipes of the critical customer above the minimum. For a given load, a reduction in the return temperature
increases the temperature difference between the supply and return, and so the delivery capacity of the network.
Thus, the total energy input required for pumping and its related costs are lower.

In this analysis, the pumping power is calculated using the characteristic curve of an existing pump and
determining the power for the different operating points depending on the volumetric flow and head [21]. As
variations in pressure drop are neglected, and with a constant pressure difference required at the critical customer,
the pressure head is assumed constant.

2.2.4. Additional heat and power generation

Lower return temperatures have a positive effect on CHP plants and increase the available heat recovery from
exhaust gases. It also benefits renewable energy systems such as solar and geothermal, as well as heat pumps
allowing higher operating efficiencies.

The flue gas condenser (FGC) recovers latent heat of the water vapour content of the exhaust gases resulting
from the combustion process. The recovered heat is then used to preheat the DH water before entering the main
plant HEX, resulting in an improvement on the plant efficiency. A lower return temperature increases the cooling
capacity of the FGC, so more moisture is condensed, and thus more latent heat is recovered. The economic
advantage of the FGC lays on the fact that fuels are priced according to their dry energy content —Low Heating
Value (LHV). Therefore, the heat recovered with this technology is not priced. For this reason, the marginal cost of
heat production of a FGC is very low, around 5-10 EUR/MWh, compared to the fuel driven heat plant.

FGC increases the total heat recovery in a range from 10% to 35% depending on the technology and the fuel
characteristics. In this analysis, a maximum value of 14% is used, typical for gaseous fuels. Also, in terms of the
return temperature, the heat recovery at the FGC unit is assumed to increase 1% over the total heat production per
every 5 °C reduction of the return temperature [7].
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Regarding electricity generation, the return temperature has also an important effect on 2-stage CHP plants where
electricity generation is driven by the heat production. The Power-to-Heat ratio, also referred as alpha value,
expresses how many MW of electricity are produced per every MW of heat, shown in Equation (5). Only heat
recovered in the condensers is considered (heat recovery from FGC is excluded), and is influenced by various
operating parameters, the return temperature being one of them. As the return temperature decreases, the alpha value
increases making it possible to generate more electricity for every MW of total heat produced.

) 5)
Py,

Although the alpha value varies slightly throughout the year, in this study a constant average value of 0.43 is
selected as baseline and the increase of electricity production is assumed to be 5 kW/MWy, for every 10°C
reduction of the return temperature [7]. Although this amount may not seem significant enough from the energy
perspective, from the economic point of view it is valuable due to the electricity sales in a yearly basis.

2.3. Estimation of savings and additional revenues

The thermodynamic assessment yields as main outputs: the total mass flow, the temperature profile of the return
pipe of the branch, and the return temperature at the heat plant. The savings and additional revenue are calculated
based on the baseline scenario without LTDH. The savings are defined and estimated in terms of heat losses and
pumping energy, while the earnings are the additional electricity generation from the CHP and additional heat
recovery from the FGC. The total is calculated using the prices from Table 1, and Equation (6):

§= Qloss_sav *Copen + Epump_sav ' Cel_tariff - 075 Epump_sav *Crnen + Ecup - Cel_spot + Qrcc " Cmen (6)

Where O represents heat saved or produced, £,,,,, the energy saved in the pumps, Ecyp the additional electrical
energy produced by the CHP; C,,; is the marginal cost of heat production; C,; .y the electricity tariff and C,; 4
the electricity market spot price. Note that it is assumed that on average 75% of the pumping work is converted into
heat, thus the equivalent saved pumping energy has to be produced as heat at the corresponding marginal cost.

3. Results & Discussion

The influence of the LTDH subnets on the network operation is assessed in an annual scenario. The LTDH
substation type is considered to gradually replace the conventional DH substations, so as to benefit the DH return
operation by yielding a lower aggregated return temperature at the heat plant. For this evaluation, the input operating
parameters in terms of the average values of each corresponding period are described in Table 2. The reduction on
the heat demand due to energy efficient building renovation modifies the operating hours of each heat production
unit (see Table 2, and in Fig. 1 the dotted line).

3.1. Distribution heat losses and pumping effort

The first section of these results comprises the impact of the LTDH penetration on the two operating parameters
related to distribution costs: heat losses and pumping energy. It is estimated that if the demand reduction due to end
use energy efficiency savings would occur at the conventional DH temperature levels, the relative losses would
increase from 13% to 15.3%. Figure 2 compares the relative heat losses as a function of the percentage of LTDH
load. It is found that, despite the reduced heat demand, the lower return temperature keeps the relative heat losses at
a similar level instead of increasing, and so the cost per MWh of heat delivered is also maintained.
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Table 2. Heat production units and operating conditions

Operating Operating hours

hours (20% reduction tamb ts tr LTs LTr Eelative

(baseline)  in st demangy  @%)  @® @@ @ @y  Loses

hr/yr hr/yr °C °C °C °C °C %
Heat-only boiler 3100 3830 14.9 74.2 49.7 54.8 32.8 34.22
CHP (partial load) 4980 4560 22 83.9 44.7 55.7 29.0 11.39
CHP (full load) + FGC 330 195 -1.5 92.6 445 56.5 274 7.62
CHP + FGC + Aux. Boiler 350 175 -11.3 96.5 46.9 56.3 27.0 6.56
Network (annual) 8760 8760 53 81.7 46.3 55.2 30.1 13.05

Table 2: The operating conditions of the heat production units and the primary and secondary networks are detailed. Relative losses are
considerably higher during the periods of low heat demand. The difference in operating hours of the units with higher capacity is due to
the building renovation and so the shift in the load duration curve.

This result is similar to that of a previous study [8] where the authors compare the relative heat losses, assuming a
20% annual heat demand reduction, in a conventional DH network compared to a LTDH network. In that study, the
authors estimated that the relative losses in conventional DH would increase from 10.9% to 13.1%. Conversely, with
the LTDH operation they found that it is possible to maintain the annual relative heat losses at 11.2% maximum.

With respect to the pumping effort, we analyse the ratio of energy required for pumping throughout the year to
the total heat delivered: relative pumping energy demand. The results show that the ratio decreases in spite of the
reduction in annual heat demand (see Fig. 3); and this is due to the increase in the network operating AT caused by
the lower return temperature, as well as the decrease in distribution losses. If this demand reduction would occur
holding the conventional DH temperature levels, the relative pumping power would increase to 1.31%.
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Figure 2. Relative losses as a function of ‘energy efficient’ load Figure 3. Pumping energy relative to the annual heat demand as
percentage: the two curves refer to both axes, the relative losses a function of LTDH load percentage: the relative pumping energy

shown on the left, and the equivalent annual cost on the right. Due to ~ demand (left axis) and the corresponding related costs (right axis)
operation with LTDH, relative heat losses are kept in a similar level ~ decrease due to the LTDH return temperature levels; if the demand
in spite of the total 15% demand reduction due to energy efficiency reduction due to renovation would occur with the conventional DH
savings. The dotted line represents the increase in relative heat losses ~ temperature levels the value would increase; instead with LTDH, it
assuming the demand reduction occurs with conventional DH decreases from 1.22% to 1.05%.

temperature levels.
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In absolute terms of savings in distribution heat losses and pumping energy, it is estimated that for a 10°C drop in
the return temperature, there is a reduction of 6.7% in total distribution heat losses and 23% in total pumping energy.
This occurs when LTDH penetration would reach 75%. According to previous studies [7], for a 10°C drop in the
return temperature the heat loss reduction expected would be around 6%, and the pumping energy would be reduced
by 40% approximately. The difference in the latter figure is partly because the present study considered a constant
differential pressure at the heating plant, and so constant pressure drop along the network. Still, this difference is
also partly attributed to the fact that in the current study the variations in pumping efficiency are considered using
curves of existing equipment: the operating efficiency decreases when the pumped flow reduces.

3.2. Annual savings and additional revenues

The total savings and additional revenues are calculated using the results from the previous analysis, and taking
into consideration the total annual heat delivered. As seen from Fig. 4a, the combined potential revenues and
savings increase as the percentage of LTDH also increases. It is possible to conclude that although the annual heat
demand decreases due to the renovation, the costs for supplying each MWh of heat also decrease. Then, as seen
from Fig. 4b, most of the savings are driven by the heat losses which have a larger share at low percentage of
LTDH, which slowly decreases and then increases again.

Consider different points of the curve shown in Fig. 4a, for instance, @) at 10% penetration of LTDH the total
cost reduction would be 19.5 k€/yr distributed as: 68% heat losses, 14% pumping costs, 8% CHP electricity, and
10% FGC heat. This represents 2.8% of the total costs of heat losses of the baseline scenario, achieving a reduction
of ~1.5°C in the return temperature at the heating plant. Moreover in Sweden, with the green certificate system in
place, additional earnings are generated, due to the extra 54.7 MWh,/yr which can be produced by the CHP plant
(not shown in the figures). In a second example: b) a return temperature drop by 10°C (occurring at 75%
penetration of LTDH) leads to a total cost reduction of 65.6 k€/yr distributed as: 57% heat losses, 18% pumping
costs, 12% CHP electricity, and 13% FGC heat. This represents 9.7% of the total costs of heat losses of the baseline
scenario. In this case, 297 MWh,/yr extra are produced by the CHP plant that would become additional earnings
from the green certificate system.
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Figure 4. Total savings plus revenues as a function of LTDH load percentage: The curve (a) shows a positive relation between
savings and the increase of LTDH load. Moreover, the proportion of the contribution of savings and earnings varies depending on
the LTDH load percentage (b). It is also noted that more than half of the total amount is given by the savings in heat losses.

Figure 4a, shows the savings per MWh as a function of the percentage of penetration of LTDH subnets. In order
to supplement this information, Fig. 5 shows the cost reduction gradient also as a function of LTDH penetration.
This value represents the amount, in EUR, that the utility saves, per MW produced, and per each deg. C reduced in
the return flow which is a meaningful parameter to evaluate DH systems refurbishment projects [18]. In this case,
the reduction in the return temperature is given as a result of substitution of conventional DH subnets LTDH feeding
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energy efficient loads. As seen from the figure, the savings don’t present a linear behaviour such as the reduction in
return temperature; the gradient becomes smaller as LTDH penetration increases. This means that, although all
LTDH loads contribute to a similar reduction of the return temperature, the first loads that are replaced or
refurbished contribute to more savings per °C reduced. As the penetration percentage increases, the additional
LTHD loads don’t contribute as much in savings per °C, as the initial ones.
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Figure 5. Cost reduction gradient and temperature reduction in the return flow: Although the return temperature at the heating plant
decreases continuously with higher penetration of LTDH, the cost reduction gradient behaves in a different manner. The cost reduction is
higher at low penetration of LTDH and as the penetration increases, the gradient shows a decline.

3.3. Overall discussion & outlook

With respect to the decrease in operating hours of the heat production units caused by the future reduction in heat
demand due to renovation for energy efficiency, there are both advantages and drawbacks: on the one hand, it
reduces the operating hours of the auxiliary (peak only) oil boiler and thus the amount of heat produced which is
beneficial, considering its higher marginal cost and GHG emissions, but the operating hours of the heat-only boiler
increase; on the other hand, it also reduces the operating hours of both the FGC, which produces heat at a very low
marginal cost, and the CHP, such that less electricity is generated during the year (ref. Table 1). Nevertheless, in a
long term perspective it also means that additional customers can be connected to the network without causing
bottlenecks or increasing peak demands, and thus additional investments can be postponed or avoided.

The impact of changing the network operating temperatures can be conflictive for costs reduction. Therefore, a
careful evaluation is needed with respect to each DH system. The potential savings of the combined measures
should be then compared with the respective investment costs and/or depreciation, such that the most economical
alternative is chosen. Still, in most cases, lowering the network operating temperatures leads to reduced operating
costs, and if the investment necessary for achieving these lower temperatures based on LTDH are balanced, an
improvement in economic performance is achieved.

The substitution of conventional DH loads by LTDH is a process that will occur gradually spanning several
decades. Therefore, the utilities will have to adapt to the different conditions and plan their investments carefully. A
possible alternative to use the low-temperature flow from the LTDH substations directly would be to add a third
pipe to separate the primary return from the low-temperature return. Nevertheless, due to the higher investment costs
the returns might not balance the investment.

In the future, as the penetration rate of LTDH increases, it might be possible to lower the supply temperature a
few degrees. Consequently, distribution thermal energy losses would substantially decrease, and since the losses on
the supply pipe represent more than two thirds of the total losses, larger savings would be then achieved.
Nonetheless, this reduction may come at the expense of increased mass flow rate and thus, increased pumping
energy and its related costs.
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4. Concluding Remarks

This study presented a techno-economic assessment of the impact of LTDH loads & subnets in a conventional
DH network considering both reductions in the return temperature and heat demand due to end use energy efficiency
savings. The outcome comprises, besides the technical assessment, an economic estimation of the savings and
potential revenues in the defined scenario. The key takeaways of these results are:

o With the reduction in return temperature, due to the LTDH loads & subnets, relative distribution heat losses are
maintained at a similar level despite the decline in heat demand.
Relative pumping power decreases due to the combination of lower return temperatures and lower heat demand.
For a 10 °C drop in the return temperature, there is a reduction of 6.7% in total distribution heat losses and 23%
in total pumping energy.

e With the combination of savings and additional revenue, despite the demand reduction, the costs for heat supply
relative to the total demand still decrease.

These results represent a step forward in understanding the advantages and drawbacks of the next generation DH
technologies that will shape the future smart energy system.
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