
Influence of system design on heat distribution costs in district
heating

T. Nussbaumer a, b, *, S. Thalmann a

a Verenum Research, Langmauerstrasse 109, CH 8006 Zurich, Switzerland
b Lucerne University of Applied Sciences and Arts, CH 6048 Horw, Switzerland

a r t i c l e i n f o

Article history:
Received 26 October 2015
Received in revised form
8 February 2016
Accepted 9 February 2016
Available online 24 March 2016

Keywords:
District heating
Linear heat density
Connection load
Optimum pipe diameter

a b s t r a c t

The study introduces an economic analysis for district heating networks from 0.5 MW to 4 MW. The
reference case describes a linear network with 1 MW input, 1 km pipeline length, and 2000 annual full-
load hours corresponding to a linear heat density of 2 MWh input per year and meter of pipeline. Pipe
diameter, connection load, fuel price, electricity price, and insulation class are investigated and the in-
fluence of linear and radial connection and the effect of the consumer distribution are evaluated. The
reference case for an annuity of 5.1% p.a. and a heat price of 5.0 euro cent per kWh reveals heat dis-
tribution costs of 2.16 c/kWh for the optimum pipe diameter. For distributed heat consumers, the costs
decrease to 1.99 c/kWh and for a radial network to 1.77 c/kWh. The evaluation reveals that district
heating is related to diseconomies of scale for a linear network expansion at constant linear heat density
and that the total costs are dominated by the capital costs. Consequently, the main requirement to
minimise the heat distribution costs implies the use of the smallest technically feasible pipe diameter
which refers to the maximum allowable differential pressure without inadmissible cavitation pitting.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

District heating enables a comfortable way to use biomass and
other renewable energies as well as waste heat for space heating,
domestic hot water, and process heat. Although for space heating a
reduction of the specific energy consumption (including existing
buildings) is of high priority to meet stringent CO2 targets, a com-
bination of district heating and efficient heat pumps is identified as
a most economic approach e.g. for a case study in Denmark which
compares different solutions for a 100% renewable energy supply
[1]. Consequently, a study on the future energy supply of the EU
(European Union) shows, that the scenarios of the European
Commission to reduce the primary energy supply and mitigate CO2
by 2050 without district heating can be improved by a 15% cost
reduction, if district heating is additionally considered [2]. Also in
Switzerland, district heating is identified as an important measure
tomeet the energy targets. Its potential is evaluated in awhite book
by the association on district heating in cooperation with the Swiss
Federal Office of Energy which shows that the annual energy

consumption for buildings will be reduced from 85 TWh to 45 TWh
in 2050 to achieve the energy transition [3]. The potential of district
heating for the heat supply of buildings accounts for 17.3 TWh
annually which corresponds to 38% of the future heat demand of
45 TWh per year for buildings in Switzerland.

While district heating systems introduced since the 1950's were
mostly based on fossil fuels (including CHP (combined heat and
power)) and municipal solid waste incineration, a specific focus on
biomass is given in many European countries. In Austria this
enabled a relevant increase of energy wood since the 1980's [4]. In
Switzerland, automatic wood combustion plants were widely
introduced thanks to funding since the 1990's, which led to district
heating systemsmostly in the size range from 500 kW to 10MW. To
guarantee an efficient use of subsidies, the quality management
‘QM Holzheizwerke’was introduced for the plant planning initially
in Switzerland which is now also applied in southern Germany,
Austria and other regions [5]. Beside economic issues including
requirements for the district heating network, QM considers
measures to guarantee low pollutant emissions. In biomass fired
district heating plants, this is possible thanks to a fully automated
operation and the use of particle precipitation [6]. Consequently,
biomass district heating avoids local air pollution by primary and
secondary organic aerosols as found in areas with residential wood
combustion [7].

* Corresponding author. Verenum Research, Langmauerstrasse 109, CH 8006
Zurich, Switzerland. Tel.: þ41 44 377 70 70.

E-mail address: thomas.nussbaumer@verenum.ch (T. Nussbaumer).

Contents lists available at ScienceDirect

Energy

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

http://dx.doi.org/10.1016/j.energy.2016.02.062
0360-5442/© 2016 Elsevier Ltd. All rights reserved.

Energy 101 (2016) 496e505

Delta:1_given name
Delta:1_surname
mailto:thomas.nussbaumer@verenum.ch
http://crossmark.crossref.org/dialog/?doi=10.1016/j.energy.2016.02.062&domain=pdf
www.sciencedirect.com/science/journal/03605442
http://www.elsevier.com/locate/energy
http://dx.doi.org/10.1016/j.energy.2016.02.062
http://dx.doi.org/10.1016/j.energy.2016.02.062
http://dx.doi.org/10.1016/j.energy.2016.02.062


On the other hand, district heating causes additional costs for
the heat distribution. Beside capital costs, operating costs mainly
arise from the heat losses and the electricity consumption for
pumping. These additional expenditures can significantly reduce
the overall efficiency and the economic performance. Since the
network design influences the capital costs and the operating costs,
there is a relevant interest to identify the influences of the different
design parameters for optimal plant planning. Practical experiences
show that several operational factors may entail high heat losses
and the non-compliance with the design specification. Beside
operational factors in the heating plant, one frequent reason for
increased heat losses is a non-ideal operation of the substations
with low thermal efficiency and a high terminal temperature dif-
ference, i.e. the smallest temperature difference between the hot
and the cold medium at the pinch-point [8]. Consequently, the
return temperature exceeds the design value, which not only leads
to increased heat losses and pumping costs but also reduces the
heat distribution capacity due to a reduced temperature difference
between the supply and the return flow. To avoid temperature
faults in the substations, a quality assurance by monitoring of the
temperatures can be applied [9].

The aim of the investigation is to provide a sensitivity analysis
of district heating systems that enables the evaluation on the
main design and operation parameters on the heat losses and the
heat distribution costs. For this purpose, a model network with
typical parameters of non-urban district heating systems shall be
defined and assessed to determine benchmark values for mini-
mum heat distribution costs and derive an estimation for the
optimisation potential in comparison to existing district heating
systems.

2. Method

2.1. Equivalent annual cost

The economic assessment evaluates the specific heat distribu-
tion costs consisting of capital and operating costs by means of the
EAC (equivalent annual cost) and use of the annuity factor. The
investment costs comprise the cost of material and installation
including the excavation work for the trench. The operating costs
include the fuel costs to cover the heat losses in the network, the
electricity costs for the pumping, and the service and maintenance
costs. Hence the total specific heat distribution costs c are calcu-
lated as follows:

c ¼ ccap þ cop (1)

c ¼ heat distribution costs in [c/kWh] where one kWh refers to
the heat input into the pipeline
ccap ¼ capital costs in [c/kWh]
cop ¼ operating costs in [c/kWh]

The capital costs are found as:

ccap ¼ I$a
_Q$t

ð100c=VÞ (2)

I ¼ investment costs of the distribution network in [V]
a ¼ annuity factor in [a�1] calculated as follows:

for i ¼ 0: a ¼ n�1, for i > 0:

a ¼ i
ð1þ iÞn

ð1þ iÞn � 1
(3)

i ¼ interest rate in [a�1]
n ¼ calculation duration in [a]
_Q ¼ connection load in [kW]
t ¼ annual full-load hours of the heat production in [h/a]

The operating costs are found as:

cop ¼ cf þ ce þ cm (4)

specific fuel costs:

cf ¼ f pf h�1
a (5)

f ¼ specific fuel consumption to cover the heat distribution
losses in [kWh/kWh]
pf ¼ fuel price based on heating value in [c/kWh]
ha ¼ annual heat production efficiency in [%]

specific electricity costs:

ce ¼ e pe (6)

e ¼ specific electricity consumption for pumping in [kWh/kWh]
pe ¼ electricity price in [c/kWh]

specific maintenance costs:

cm ¼ costs for service and maintenance in [c/kWh]

2.2. Operating costs

2.2.1. Heat losses and fuel costs
The costs for fuel needed to cover the heat distribution losses

depend on the heat losses and the specific heat production costs at
the pipeline input. The heat production costs are determined by the
fuel price and the annual efficiency of the heat production (Equa-
tion (5)). For the reference case, heat costs of 5.0 euro cents per
kWh fed into the network are assumed. This corresponds for
instance to the following heat production scenarios:

Scenario 1: Fuel available at a price of 4.15 c/kWh and used in a
boiler at an annual efficiency of 83%. This represents
typical conditions for automatic wood combustion
plants in Switzerland and represents the reference case
in the present study.

Scenario 2: Fuel at a price of 5.00 c/kWh used in a boiler at an
annual efficiency of 100%. This represents e.g. the use
of natural gas in a boiler with flue gas condensation.

Scenario 3: Conversion of electricity at a price of 15.00 c/kWh in a
centralised heat pump which achieves an annual co-
efficient of performance of 3.0. For this scenario, the
electricity costs for the heat pump are denoted as ‘fuel

T. Nussbaumer, S. Thalmann / Energy 101 (2016) 496e505 497



Download English Version:

https://daneshyari.com/en/article/1731050

Download Persian Version:

https://daneshyari.com/article/1731050

Daneshyari.com

https://daneshyari.com/en/article/1731050
https://daneshyari.com/article/1731050
https://daneshyari.com

