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Abstract

This article studies the economical, technical and environmental aspects of a third generation district heating (DH) network
ith absorption chillers installed at substation level in order to satisfy the cooling demands. This network solution hence takes

dvantage of the distribution facilities of existing DH systems. The study aims at evaluating the technical and environmental
erformances of this new district heating architecture, when sized and operated according to an economic objective using the
ixed Integer Linear Programming (MILP) optimization formalism. It is compared to the case where cooling demands are
et using individual chillers.

The paper first presents the production, distribution, demand and storage models. Regarding the demand side, different
eating and cooling scenarios are studied by varying the proportions of residential and tertiary buildings. The model is fed in
second part with data from the French context. In particular, we rely on typical French weather conditions, thermal loads

nd energy costs.
The analysis of the results focuses on the cooling part. It appears that the thermal network solution achieves on average a

.6% reduction in the levelized cost of space cooling energy. In the worst case space cooling exergy efficiency goes through a
2% decrease. GHG emissions decrease on average by 7.7% thanks to the absence of leakage of refrigerant with high global
arming potential. Overall, these emissions are low due to the low carbon content of French electricity.

c 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
http://creativecommons.org/licenses/by/4.0/).
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Nomenclature

Variables

A Thermal area (m2)
C AP EX Investment cost (e/W, e/m3or e/m)
C P Specific heat capacity of water (J/(kg K))
d Diameter (m)
dt Time step (hours)
e Plot ratio (–)
f Q HP COP parameter–compressor heat loss ratio (–)
E Energy (J)
EX Exergy (J)
H Overall heat transfer coefficient (W/K)
L Length (m)
m Mass (kg)
n Number
N System lifetime (years)
O P EX F Fixed operation/maintenance cost (% C AP E X/yr)
O P EX V Variable operation/maintenance cost (e/MWh)
p Proportion (%)
Q Thermal energy (J)
r Actualization rate (%)
S Sign (–)
SE Sizing variable (W, m3 or m)
t Hourly time step ([1, 8760])
T Temperature (K)
U Specific heat loss per routed meter of network trench (W/(K m))
V Volume (m3)
w Effective width (m)
∆P HP COP parameter–pinch temperature (K)
ϵ Storage losses (%/day)
ηi s,c HP COP parameter–compression efficiency (–)
ηP Production efficiency (%)
ρ Specific mass of water (kg/m3)
φ Heat gain (J)

Subscripts

a Architecture (REF: reference, ABS: absorption)
Dk Demand scenario
h Node type (BU: buildings, CE: central)

1. Introduction

The International Energy Agency expects a threefold increase of worldwide space cooling demand for residential
nd tertiary sectors by 2050, compared to 2016 [1]. On the one hand, most of this demand involves countries with
ot and humid climates whose interest for district cooling solutions is increasing but not yet generalized [2]. On
he other hand, space cooling has less importance in regions where district heating (DH) networks are already used,
283
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i Building (1, 2, 3)
j Demand (SH: space heating, DHW: domestic hot water, SC: space cooling)
x Component (P: production, S: storage, N: network, C: carrier)
air, geo Aerothermal, Geothermal
elec, bio, gas Electricity, biomass, gas
int, sol Internal, Solar
sys Energy system

Superscripts

A Relative to an area
I N , OU T Incoming (import), Outcoming (export)
L Relative to a length
T Relative to a temperature

Acronyms

CC Carbon content
C H P Combined heat and power
C O P Coefficient of performance
D AC Distributed absorption chillers
DC Dry cooler
DH District heating
E F Emissions factor
E X F Exergy factor
G H G Greenhouse gases
GW P Global warming potential
H P Heat-pump
LC O E Levelized cost of energy
M I L P Mixed-integer linear programming
M I P Mixed-integer programming
SF Simultaneity factor
W H S Waste heat source

Operators

˙ Temporal derivative

such as Europe and part of Russia. In these regions, existing DH networks are mainly 2nd and 3rd generation
systems with high operating temperatures leading to non-negligible distribution heat losses [3]. Because of DHW
preparation and rather low building refurbishment rates [4,5], supply temperature is likely to remain in the 70–90 ◦C
range in the coming years [6]. This temperature level is high enough to drive single-effect absorption chillers.

Following this idea, Chardon et al. [7] study three operating modes for an absorption chiller installed in a building
substation. Among them, the cooling mode could provide cold to the building in summer. Regarding the cooling
mode, Zhang et al. [8] further study an energy system consisting of a DH network with distributed absorption chillers
(DAC) from a techno-economic point of view. The test case consists in single-effect absorption chillers driven by a
DH network with supply and return temperatures being respectively 120 ◦C and 80 ◦C. Given the Chinese energy
context consisting of coal combined heat and power (CHP) and power-only plants, they search for the minimum
values of plant and absorption chiller efficiencies that allow achieving a positive fuel energy saving ratio. This ratio
is calculated using a district cooling network fed by compression chillers as a reference case. Their results show
that DAC are not economically competitive and does not provide energy savings for existing DH systems unless
284
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their performances can improve significantly, for example using absorption dehumidifiers. Focusing on the Swedish
case, Fahlén et al. [9] examine the strengths of a centralized trigeneration system. Their simulation of the Göteborg
DH and district cooling systems shows that introducing centralized absorption chillers is economically competitive
and CO2 friendly as these machines – together with usual compression chillers – increase the utilization of CHP
nd excess heat. One strength of this work lies in the different shares of absorption chillers being considered to
eet the city cooling needs, in replacement of compression chillers. Yet, the simulation considers only one set of

hermal demand profiles which possibly leads to missing different operational modes of the system as the ratio of
eating to cooling load varies.

In this article, a system consisting of a DH network that also drives DAC is compared to the case where DH is
sed only to deliver heat to the buildings and where cold demand is met using decentralized compression chillers,
or different load scenarios. Section 2 describes the methodology and the model. In Section 3, the model is applied
o the French case and the main results are analyzed, focusing on two extreme load scenarios. Section 4 concludes
he work and underlines some limitations of the model.

. Methodology

The model is here introduced in general terms. It covers both the technical and economic sides of the studied
omponents. The model is based on the MILP formalism. While temperatures are parameters, energy flows
operation) and maximum capacities (sizing) are optimization variables (written in bold font).

A large part of the model is common to REF and ABS architectures. The following four aspects are described.
irst, sets of thermal demands are defined at the building and city scale. Then the decentralized equipment used

n building, which depend on the architecture, are presented. The production and storage aspects of the central
roduction plant are introduced the same way. Finally, the 3 GDH heat distribution network is described.

The model is then applied in the French context, the used data being tabulated along the description.

.1. Thermal demand

Thermal demand is defined by assuming each building in the city can be classified as of a certain building type
. For each building type i , thermal demands are expressed as areal demands so that the demand at the city scale is
btained by multiplying the aggregated area of buildings of type i with this areal demand. This aggregation allows
o consider only i time profiles for each thermal demand j , yet describing the city-scale energy system.

Three types of thermal demands j , namely space heating (SH), space cooling (SC) and domestic hot water
DHW), are considered in this study. These demands differ in (i) temperature levels (T I N

j,i , T OU T
j,i ) and (ii) areal

density Q A
j,i = Q j,i/Ai . Space heating and cooling demands definition follows the Tabula-Episcope project [10]

and are shown in Eq. (1). Note that Q̇ A
SH,i (t) > 0 (resp. Q̇ A

SC,i (t) > 0) is possible only during the heating season
resp. cooling season), as defined in the Tabula-Episcope project.

Q̇ A
j,i (t) = max

(
S ×

(
Hi
(
T j − Tair (t)

)
Ai

−
(
φ̇A

int + φ̇A
sol, j,i

))
, 0

)
with S =

{
1 i f j = SH
−1 i f j = SC

(1)

φ̇A
sol,j,i derives from Qsol, j,i as tabulated in Tabula. It is constant in time, i.e. does not depend on the hour of

the day, but is different for SH and SC and for each building i . φ̇A
int is constant all-year long and the same for all

buildings.
Outdoor temperatures Tair (t) come from a typical meteorological year (Grenoble, 2007–2016 period) [11]

corrected according to the expected climate change variations by 2030 following the RCP4.5 IPCC scenario [12].
DHW demand is made of two parts and the same for all buildings. First, a constant demand accounts for thermal

losses in the DHW circulation system of the building. It represents 40% of the annual DHW demand Q A
DH W [13].

The remaining demand corresponds to draw-offs, and should account for simultaneity at the city scale. Braas
et al. [13] show for single-family houses that the simultaneity factor in DHW draw-offs is much higher for a few
living units (typically a building) than for around a hundred living units. As the district heating system considered
in this study is made up of hundreds of living units, a conservative trade-off is chosen by selecting as a time profile

an historical dataset measured for a group of 269 three rooms’ apartments in Strasbourg, France [14].
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Table 1. Building-specific properties defining the thermal demand.
Building
i

Ai
(m2)

Hi
(W K−1)

SH SC

(
T I N

SH,i , T OU T
SH,i

)
(◦C)

φ̇A
sol,SH,i

(W m−2)

Q A
SH,i

(kW h.m−2 yr−1 )

Q̇ A,max
SH,i

(kW m−2)

(
T I N

SC,i , T OU T
SC,i

)
(◦C)

φ̇A
sol,SC,i

(W m−2)

Q A
SC,i(

kWh m−2 yr−1
) Q̇ A,max

SC,i
(kW m−2)

1 460 1481 (60, 35) 5.10 141 0.085 – – – –
2 539 564 (35, 25) 2.91 32 0.025 (10, 15) 5.37 13.5 0.017
3 460 1481 (50, 35) 5.10 141 0.085 (7, 12) 11.7 18.7 0.040

Table 2. Properties defining the thermal demand (common to all building types).

φ̇A
int (W m−2) Q A

DH W (kWh m−2 yr−1)
(

T I N
DH W,i , T OU T

DH W,i

)
(◦C) TSH (◦C) TSC (◦C)

3 20 (70, 40) 20 26

For the present analysis, three types of buildings are considered, i.e. two residential and one tertiary. Tables 1
nd 2 summarize all the thermal demand parameters for these buildings.

Twenty-one demand scenarios Dk are then defined by varying the proportion of each building pi in the system
otal thermal area ABU (Eq. (2)) so that pi ∈ {0, 20, 40, 60, 80, 100} and

∑
i pi = 100.

Ai,Dk =
pi

100
ABU (2)

.2. Substation

The study considers two architectures that suppose the existence of SH and SC distribution systems at the building
evel. These architectures, shown in Fig. 1, are the following:

(i) Reference (REF) in which SH and DHW demands are satisfied using the DH network while SC demand is
met using compression air-cooled chillers at the building level.

(ii) Absorption (ABS) where substations are equipped with absorption chillers driven by the DH network to meet
SC needs.

Fig. 1. Substation layout of buildings. Heating system (left, common to both architectures), cooling system for REF architecture (middle),
cooling system for ABS architecture (right).

The heat exchanger HEx is common to REF and ABS and hence not detailed. The properties of absorption and
ompression chillers are given in Table 3. Each of these aerothermal chillers comes with a dry cooler component

DC that moves the condenser heat to the outdoor air. Its electricity consumption is set to 2.75% of the dissipated
eat, which is a figure observed on a set of commercially available machines (the same source is used for the
AP E X P of DC). The electricity consumption of the absorption chiller (solution pump) is considered to be 2.6%

f the cold production [15].
The GHG emissions due to refrigerant leakage of comp-HPair are accounted for. A 4% annual and 15% end-

f-life leakage shares are considered [19]. A linear regression on a dataset of six air-cooled HP of small capacity
ields a 0.3 kg/kW specific charge of refrigerant (R2

= 0.895). R32 refrigerant which has a GWP of 677 over

00 years [20] is used to comply with the European Union HFC phase-down [21].
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Table 3. Properties of production equipment in substation.

Production ηP (%) C AP E X P (e
kW−1)

O P E X F,P
(%C AP E X yr−1)

O P E XV,P (e
MWh−1)

NP (yr)

Abs-HPair [16] 170% 1458 0.36 1 25
Comp-HPair
[17]

[18] (∆P = (3, 7) K,

ηis,c = 0.75 et fQ = 0.2)
940 2.96 0 18

DC – 128.4 0 0 Same than HPair

2.3. Distribution network

The distribution network, whose parameters are listed in Table 4, carries heat from a central production plant to
he buildings. It is worth mentioning here that the distribution network is the same for both architectures for a given
emand scenario: in ABS architecture, the peak mass flow rate still occurs for SH satisfaction and thus unchanged
ompared to REF. Hence, the transition from REF to ABS is legitimate. The investment and fixed operation and
aintenance costs that are common to both architectures are not accounted for but a variable operating cost is. The

hermal losses are taken into account through U and Tsoil(t).

able 4. Properties of distribution network.

Lnetwork (km) U(
W K−1 m−1) ABU(

km2) (Tsupply , Treturn)
(◦C)

Tsoil (t)
(◦C)

O P E XV,N
(e MWh−1)

NN (yr)

170 0.7 5.1 (90 , 60) 2 m depth 1.5 40
City of Grenoble
(FR)

[22,23] [24,25] with
e = 0.5

[26] [27] [28]

2.4. Central production plant

Six production units are available at the central production plant (Table 5). They are of four kinds:

• Cogeneration of extraction-condensing type powered by biomass or natural gas.
Their electricity production is either consumed locally or sold to the grid at a feed-in tariff equal to the buying
one.
For ABS architecture, it can also be used by buildings to operate Abs-HPair, since both centralized production
and decentralized Abs-HPair are operated by the same entity, i.e. the DH operator. This exchange is
unconstrained in capacity and energy and done at no costs.

• Boilers powered by electricity or natural gas.
• Heat pump using geothermal energy at temperature Tgeo.
• Waste heat, recovered using a heat exchanger. The recovery can be partial only as no binding contract between

the heat producer and the DH system is modeled. In reality, the need of a reliable solution to get rid of excess
heat is real for some industries.

Table 5. Properties of production equipment at the central production plant.

Production ηP (%) C AP E X P
(e kW−1)

O P E X F,P
(%C AP E X yr−1)

O P E XV,P
(e MWh−1)

NP (yr)

Bio-CHP ([29], wood
pellets)

[29] 2000 2.85 2 40

Gas-CHP ([29],
combined cycle)

[29] 900 3.33 4.5 25

Comp-HPgeo [16]
(Tgeo = 12 ◦C)

[18] (∆P = 3 K,
ηis,c = 0.75 et
fQ = 0.2)

670 0.3 1.7 25

Elec-Boil (adapt. [16]) 99% 128 0.71 0.9 20
Gas-Boil [16] 97.8%

(adapt [30])
60 3.25 1.1 25

WHS-HEx [27] 95% 100 0 1.5 40
287
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These equipment rely on electricity, natural gas, biomass and waste heat. These vectors are bought from the grid
and associated with CO2 emissions (Table 6).

Table 6. Properties of energy carriers (lower calorific value).

Carrier E F (kgEqCO2
kWh−1)

Availability Energy flow
direction

O P EX V ,C (e MWh−1)

Central
production plant

i = 2 i = 3

Electricity France, 2019 [31]
(mean: 0.054,
std: 0.021)

– Import, Export
(CHP)

SPOT, France,
2019 [31] (mean:
38, std: 16)

189.9 [32] 125.6 [32]

Gas 0.227 [33] – Import 40 [32] – –
Biomass 0.0304 [33] Energy limit:

0.164
∑

i, j Qi, j,Dk

(national
values, [34])

Import 25 [29] – –

W H S 0 Capacity limit: 16
MW

Import 10 [35] – –

Available storage equipment at the central production plant are listed in Table 7. Two storage units are
mplemented:

• A short-term tank storage, which is charged and discharged directly and use the network heat media.
• A long-term pit storage. In addition to a daily power loss, thermal losses are taken into account by defining

storage temperatures lower than the network temperatures. Hence, it is charged using a heat exchanger but a
heat pump is needed for discharge. Their properties are the same as WHS-HEx and Comp-HPgeo, respectively.

The storage (S) operation and sizing constraints are given in Eqs. (3), (4) and (5), with nS the optimized number
f storage units (integer variable).

QS (t + 1) = (1 − ϵ)
1

24 × QS (t) +

(
Q̇ I N

S (t) − Q̇ OUT
S (t)

)
× dt (3)

0 ≤ QS (t) ≤ ρCP
(
T I N

S − T OU T
S

)
× SES (4)

SES = V × ns (5)

Table 7. Properties of storage equipment .
Source: Adapted from [36].

Storage ϵS
(% day−1)

Temperatures
(◦C)

VS
(m3)

nmax
S Charge/

Discharge
Max power
(MW)

C AP E X S
(e m−3)

O P E X F,S
(%C AP E X yr−1)

NS
(yr)

Short-term 2 (Tsupply , Treturn) 3000 3 Direct 1.74 173 0.29 40
Long-term 0.2 (70, 35) 70 000 1 HEx/Comp HP 30 37.3 0.52 20

2.5. Objective function

The optimization is carried out at an hourly time step over a one-year time span. The objective function to be
inimized is the levelized cost of energy (LCOE). All costs (energy carriers, production and storage equipment,

istribution network) are annualized using Nsys = 40 years and r = 3.5% [37]. Production and storage equipment
x have a sizing variable SEa,Dk,x . Production equipment, distribution network and energy carriers have an annual
nergy variable Ea,Dk,x (production, import/export).

Eq. (6) defines the objective function LC O Ea,Dk as a sum of contributions of element x .

LC O Ea,Dk =

∑
x
∑N sys

y=1
[
C AP E Xx

(
repx (y) + O P E X F,x

)
× SEa,Dk ,x + O P E XV,x × Ea,Dk ,x

]
(1 + r)−y∑ ∑Nsys −y

(6)

i, j Qi, j,Dk y=1 (1 + r)
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With repx (y) = 0 if y − 1 is not a multiple of Nx and given by Eq. (7) in the opposite case.

repx (y) = 1 i f Nsys − (y − 1) ≥ Nx , else
Nsys − (y − 1)

Nx
(7)

.6. Indicators

Four indicators are defined to assess the performances of the ABS and REF architectures for each demand
cenario:

• Net quantity of electricity consumed per unit of final thermal energy Ielec,a,Dk (%) (Eqs. (8) and (9));

Ielec,a,Dk =

∑
h EIN

elec,h,a,Dk
− EOUT

elec,CE,a,Dk∑
j
∑

i Qj,i,Dk

(8)

Exergy efficiency regarding final thermal energy IE X,a,Dk (%) (Eq. (9), using T0 = 25 ◦C);

IEX,a,Dk

=

∑
j
∑

i ±Qj,i,Dk

(
1 −

T0
TOUT

j,i −TIN
j,i

ln
(

TOUT
j,i

TIN
j,i

))
QWHS,CE,a,Dk

(
1 −

T0
TOUT

WHS−TIN
WHS

ln
(

TOUT
WHS

TIN
WHS

))
+ EIN

bio,CE,a,Dk
+ EIN

gas,CE,a,Dk
+
∑

h EIN
elec,h,a,Dk

− EOUT
elec,CE,a,Dk

(9)

• Carbon content of final thermal energy ICC,a,Dk (kgEqCO2/MWh);
• Levelized cost of final thermal energy LC O Ea,Dk (e/MWh);

These indicators are calculated for the cold production only as the focus in this study is on SC demand. This is
straightforward for REF architecture as heating (SH, DHW) and SC demands are satisfied independently.

For ABS architecture, these indicators values are the same than for REF for the heating part. The cooling part
is obtained as the difference between the all-demands part and the heating part.

3. Results and discussion

The output of the model when applied on the French case are presented hereafter. The values of the four indicators
introduced in Chapter 2 and their analysis are presented and commented. The results are then studied more in detail
for two particular demand scenarios.

Fig. 2 presents each indicator for each demand scenario. Each box is a demand scenario defined by the
proportions (p1, p2, p3) of buildings, with p2 on the x-axis, p3 on the y-axis and p1 read diagonally and verifying
p1 = 100− p2 − p3. The value annotated in each box is for REF architecture while a color scale shows the relative
variation using ABS architecture (see Eq. (10)).

V AR
(
IDk

)
= 100 ×

IABS,Dk − II C,Dk

II C,Dk

(10)

Fig. 2. Indicators values for REF architecture (annotation) and variation of indicators from REF to ABS architecture (color scale).
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For example, the carbon content ICC,SC , which is equal to 29% for the demand scenario (40%, 20%, 40%) decreases
by approximately 1% when transitioning from REF to ABS architecture.

For REF architecture, the electricity content of the SC load Ielec,SC is nearly equal to the opposite of the mean
annual COP of Comp-HPair (the former is the ratio of mean annual energies (Eq. (8)) while the latter is an annual
mean of energy ratios). Surprisingly, this electricity dependence increases in ABS architecture. On the one hand,
the central thermal power production driving the building level Abs-HPair depends on gas, waste heat and biomass
in addition to the sole electric vector. On the other hand, the COP of Abs-HPair is lower than the one of Comp-
HPair leading to an increased drive energy. Overall, the second effect compensates the first since, on average in ABS
architecture, 36% only of the energy consumed to satisfy the SC demand is not electricity (0% for REF architecture,
not seen on Fig. 2).

Exergy efficiency IE X,SC in REF architecture is lower for high p2 than for high p3. Indeed, low SC temperatures
f building 2 allow its Comp-HPair to run at high COP, yet not high enough to counterbalance the low load exergy
ssociated with SC demand. When transitioning from REF to ABS, the chiller lower COP leads to an exergy
fficiency decrease. It is all the more noticeable that Comp-HPair has a good COP, i.e. for high p2.

On average, 63% of the eq.CO2 content of final energy ICC,SC in REF architecture is due to refrigerant leakage
t the building level, the rest being energy related emissions. This refrigerant part is proportional to the ratio

Q̇ A,max
SC /Q A

SC , which is 37% smaller in building 2 compared to building 3. Consequently, a gain in GHG emissions
s observed for high p3 when considering ABS architecture for which no refrigerant leakage takes place. Yet, energy
elated emissions increase on average by a factor 2.4 from REF to ABS.

The high LC O ESC in REF architecture depends again on the ratio Q A,max
SC /Q A

SC , as a large Q A,max
SC leads to

igh CAPEX and O P E X F of Comp-HPair: this equipment part accounts for 85% of LC O ESC,RE F on average, the
emaining 15% being the cost of electricity. The transition to ABS architecture is beneficial to the LC O E : though
he CAPEX of ABS-HPair is 55% higher than the one of Comp-HPair, its lower O P E X F and longer equipment

lifetime (Table 3) lead to a lower annualized cost. The variable cost of distribution O P E XV is only 2.14e/MWh
or SC in ABS architecture.

Regarding the storage facilities, the maximum number of short-term tanks (3) are chosen in every scenario.
ong-term storage is never used since it presents a prohibitive cost for a small value-added as there is no seasonal
eat production to shift.

The focus is now on both heating and cooling aspects of the 2 extreme scenarios p2 = 100% and p3 = 100%.
or these scenarios, the sizing of production equipment in central production plant is shown in Fig. 3 (note that
or CHP units, the reference production is electricity). In both architectures, a base production in central plant is
nsured by equipment with low operating costs (Comp-HPgeo, WHS-HEx) while low-CAPEX equipment cover the

Fig. 3. Installed capacity SEP (MW) (left) and capacity factor (%) (right) for scenarios p2 = 100% (top) and p3 = 100% (bottom).
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peak demands (Elec-Boil, Gas-Boil). WHS-HEx is not used all year round since the periods of low-cost electricity
are beneficial to Comp-HPgeo operation.

Very small CHP capacities are used in ABS architecture in order to provide the buildings with cheap electricity.
his electricity covers 18% of the annual chiller needs for p3 = 100% but 84% for p2 = 100%, the remaining
art being bought from the grid at high cost (Table 6). The more interesting electricity cost of building 3 leads to
smaller sizing of CHP units for p3 = 100%. Overall, using electricity from CHP units to run Comp-HPgeo is not

conomically interesting, as the cost of electricity bought from the grid in central production plant is low and can
e anticipated.

The transition from REF to ABS architecture leads to an increase of the annual heat production in central plant
f 28.7% and 14.6% for demand scenarios p2 = 100% and p3 = 100%. Each of these values are in the order of
agnitude of the ratio Q A

SC,i/(Q A
DH W,i + Q A

SH,i ). Yet, two opposite effects are to be accounted for. Firstly, Abs-HP,
hose COP is lower than one, leads to an increase of the load seen by the network compared to the real SC load.
econdly, distribution losses are lower in SC season than in SH season because of the soil temperature being higher.

Similarly, the higher utilization rate of the distribution network in ABS compared to REF architecture leads to
9.7% decrease in relative distribution losses on average.
Fig. 3 and Table 8 reveal the substitution of a small part of Gas-Boil production by Comp-HPgeo and Bio-CHP

n ABS architecture. Indeed, as the use of electricity production by buildings during the SC season makes the
nvestment in Bio-CHP attractive, this unit – which fuel is cheaper than gas – can run all year long to produce heat.

able 8. Evolution of energy consumption in the system (first four columns) and heat production at central plant (last column) from REF
o ABS architecture for scenarios p2 = 100% and p3 = 100%.

Electricity Biomass Gas WHS Annual centralized heat production

p2 = 100% +15% – −14% +1.0% +28.7%
p3 = 100% +9.4% – −8.0% +0.2% +14.6%

4. Conclusion and outlook

In this article, a reference 3 GDH architecture with individual cooling solutions (REF) was compared with
he same system providing cooling using absorption HPs at substation level (ABS), for different types of thermal
emands, using a near-LP model. It was shown that despite achieving lower exergy efficiency, ABS architecture
lso leads to lower distribution losses, higher capacity factors of production equipment in central plant, lower GHG
missions and lower LCOE. The main limitations of the model are the following: (i) the absorption chiller COP
s the same whatever the temperature at the evaporator and condenser sides, (ii) the lack of operational constraints
llows unrealistic use of production equipment, (iii) the electricity cost is assumed to be perfectly anticipated, and
iv) the excess heat does not come with an associated emissions factor. Moreover, the assessment of electrical grid
einforcement cost might be needed. A regression from Gupta et al. [38] based on the electrical installed chiller
apacity and applied on the current model shows that the grid reinforcement would represent on average a 41%
xtra cost compared to current cooling LCOE, with few variations between REF and ABS architecture due to an
mportant constant part.

Regarding the perspectives, the assessment of which heating and cooling technologies are best suitable in a given
hysical and economic context should be done considering 4th and 5th generation district heating and cooling, as
hese architecture significantly differ from ABS architecture in the way heat and cold are produced and delivered.
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