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Abstract. This study employs an agent-based model to examine the adoption of District Heat-
ing Networks (DHNs) in heat zoning areas, focusing on the impact of three policy interventions, 
subsidy, tax and mandating connections. Analysing a case in South Yorkshire, UK, the re-
search highlights a notable synergy in policies, with a combined £25.5 million from subsidies 
and tax incentives leading to a 28% (£33 million) reduction in infrastructure costs. The policies 
accelerated the DHN connection rate, achieving full coverage by 2028, two years ahead of the 
baseline scenario. Investment costs per household were significantly reduced from £2000 to 
£1460, aligning with governmental cost projections. The study acknowledges optimistic con-
nection rates and suggests future work to include realistic project timelines and incorporate 
social and behavioural factors in DHN adoption. The findings show the effectiveness of inte-
grated policy frameworks in promoting DHNs. 
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1. Introduction

The global push towards renewable and low-carbon energy solutions has been amplified by 
key international agreements, notably the 2016 Paris Agreement. In alignment with its com-
mitments, the United Kingdom has an ambitious plan to achieve net-zero emissions by 2050, 
as outlined in the Sixth Carbon Budget [1]. Heating and cooling accounts for a substantial 
portion of the UK's energy consumption and emissions, therefore a strategic shift in this sector 
is important [2]. In response, district heating networks (DHNs) offer a promising solution. These 
systems utilise centralised energy generation to distribute heat via insulated piping, ideal for 
densely populated or designated heat zoning areas [6]. The flexibility of district heating (DH) 
systems to harness a variety of energy sources, from industrial by-products and localised low-
carbon energy sources, makes them a great technology for reducing reliance on natural gas, 
cutting carbon emissions, and potentially reducing household fuel bills by up to 30% [6]. Yet, 
widespread DH implementation has challenges, such as securing reliable heat sources, at-
tracting investment, and ensuring sufficient user demand for profitability. Policymaking plays a 
critical role in this context. Subsidies and other interventions are essential to motivate the ex-
pansion of DH networks, but the decision ultimately rests with property owners, who must 
weigh the cost of retrofitting against the backdrop of economic conditions [7], [8]. 

As the drive for net-zero gains momentum, there is a focus on understanding the uptake 
of low-carbon solutions and the effects of policy interventions [9], [10], [11]. Agent-Based Mod-
elling (ABM) has proven to be a particularly effective tool for simulating these dynamics, cap-
turing the intricate decision-making behaviours of individuals and organisations within DH net-
works [7], [8], [12], [13]. This study advances the field by applying an ABM approach to explore 
the adoption of DH networks, focusing on the role of policy interventions. It builds upon the 
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foundational work of Busch et al. (2016) [14], which underscores the significance of actor col-
laboration in the development of DHNs, and Pagani et al. [15], who detail the agent character-
istics and logistical considerations within an existing network extension. Moreover, the model 
considers the control and monitoring aspects of DH systems as discussed by Wernstedt and 
Davidsson [16], and the group decision-making processes in heat transitions explored by 
Nava-Guerrero et al. [17], which are needed to understand the dynamics of DHN expansion. 
These pieces of literature make up the bulk of current research surrounding DHN uptake, thus 
creating simple but effective models that build upon this is enough to take the field a step 
further. 

Considering these contributions, this research employs an agent-based model to simulate 
the interactions and decision-making processes among stakeholders such as district heating 
providers, local governments and network users. The model aims to simulate the growth rate 
and the impact of various policy scenarios on the adoption and infrastructural investment in 
DH networks. By integrating the key insights from the literature, using open-source data such 
as census data this study not only explores the potential of DHNs to meet current and future 
heating demands but also assesses the efficacy of different policy measures designed to ac-
celerate their uptake. South Yorkshire, UK, presents a unique context for this study, given its 
varied urban landscapes, economic reliance on both traditional industries and emerging tech-
nologies, and diverse social characteristics. These factors contribute to distinct challenges and 
opportunities in adopting DHNs making it a representative case for examining policy impacts. 
Thus, the present study positions itself between policy, technology, and market dynamics and 
contributes to the literature by providing evidence on the effectiveness of policy interventions 
within the UK's ambitious net-zero framework. 

2. Methodology 

2.1 Overview of agent-based model design 

This section describes the development of an ABM to simulate district heating dynamics in the 
UK, specifically in government-designated heat zoning areas [18]. The model, implemented in 
AnyLogic simulation software [19], incorporates economic, climatic, and socio-political factors, 
simulating interactions among key entities: infrastructure, district heat network providers 
(DHP), households, and local government. The model's calibration allows for the testing of 
various policy interventions. The full functionality of the model is currently a work in progress, 
thus the red circles in Figure 1 (flow diagram of full agent-based adoption model) indicate what 
inputs and model blocks are currently being used for this work.  
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Figure 1. Flow diagram of agent-based adoption model; red circles represent current functionality 
used for this case study 

2.2 Defining Output Areas 

Output areas are fundamental units in this model, defined based on census data [20]. Each 
output area represents a group of 100-400 houses, encompassing comprehensive demo-
graphic and socioeconomic characteristics. These areas are geographically delineated and 
integrated into the model with geographic information system (GIS) locations and boundaries 
allowing for spatial modelling. This granular approach allows for the creation of detailed profiles 
for each area within the zoning area. The classification logic applied to determine the socioec-
onomic grade and profile of individuals within an output area considers characteristics such as 
their tenure status and occupation type. This classification is crucial for understanding the so-
ciodemographic composition of the population, which in turn informs the potential adoption 
rates of district heating networks. 

Individuals in social rented housing, rented from social landlords or local authorities, fall 
under social grade DE, representing lower occupational and socioeconomic status. High-level 
managerial and professional individuals are classified as social grade AB, while those in ad-
ministrative and secretarial roles owning their homes are categorized as C1. Those not owning 
homes fall under C2, representing skilled manual occupations. The educational level deter-
mines the classification for those in service, sales, and operational roles, with those lacking 
higher qualifications placed in DE. The model employs this classification system to affect the 
decision-making in district heating adoption, factoring in the socioeconomic status of house-
holds in various output areas. Figure 2 shows all the output areas in South Yorkshire, UK, each 
a differing colour and with black boundaries. 

Weightings and calibrations are derived from Ofgem survey data via a simple regression 
[21]. Social grade significantly influences the adoption of DHNs through its impact on the scor-
ing system that calculates the probability of connection. Higher social grades, typically associ-
ated with property ownership and modern heating systems, are likely to achieve higher scores, 
reflecting a greater likelihood of adopting DHN. In contrast, lower social grades, often linked 
with social rented housing and less efficient heating systems, tend to score lower. This differ-
ence in scoring, coupled with variations in economic activity related to social grade, heating 
system, property type and age cumulatively feeds into a logistic function. This function ulti-
mately determines the likelihood of a household's connection to DHN, with higher overall 
scores suggesting a greater chance for connection. 

 

Figure 2. Output area and boundaries in South Yorkshire, UK. 
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2.3 Main environment (global agent) 

Equation 1 calculates the economic impact factor at time t, using a sensitivity weight 𝜆𝜆 to eval-
uate the deviation of current gross domestic product (GDP) from its average value, serving as 
a baseline for economic comparison of the norm. The weighting allows adjustment to an output 
area to reflect economic resilience and susceptibility to macroeconomic trends. 

𝐸𝐸𝑡𝑡(𝑡𝑡) = 𝜆𝜆𝑖𝑖 ∙ �𝐺𝐺𝐺𝐺𝐺𝐺(𝑡𝑡) − 𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎�    (1) 

Where 𝐺𝐺𝐺𝐺𝐺𝐺(𝑡𝑡) represents the current Gross Domestic Product at time t, 𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎 is the average 
GDP. 

Equation 2 assesses the impact of climate change by multiplying the temperature deviation at 
time t with a sensitivity factor. Again the sensitivity factor can be varied in output areas to reflect 
the pressure of net-zero targets on the population. 

𝐶𝐶𝑡𝑡(𝑡𝑡) = 𝜓𝜓𝑖𝑖 ∙ 𝐺𝐺𝑡𝑡(𝑡𝑡)     (2) 

Where 𝐺𝐺𝑡𝑡(𝑡𝑡) is the deviation from the average global temperature at time t. 

2.4 Piping agent  

Equation 3 calculates the installation cost and accounts for the basic installation expenses, 
adjusted for the density of connections (indicative of how many households/buildings are to be 
connected) and the complexity of the installation which can be adjusted for any infrastructure 
challenges. 

𝐼𝐼𝑐𝑐(𝑡𝑡) = 𝐺𝐺𝐼𝐼𝑐𝑐 ∙ (1 + 𝜑𝜑 ∙ 𝐻𝐻𝐺𝐺𝑖𝑖) ∙ 𝐼𝐼𝐶𝐶𝑖𝑖     (3) 

Where 𝐺𝐺𝐼𝐼𝑐𝑐 is the installation base cost, HD is the household density and IC is a complexity 
factor. 

Both 𝐺𝐺𝑃𝑃𝑐𝑐 and 𝐺𝐺𝐼𝐼𝑐𝑐 are derived from a combination of factors including material and labour costs, 
and can be adjusted using the global variable 𝐸𝐸𝑡𝑡(𝑡𝑡). 

2.5 DHP Agent 

Equation 4 calculates the total demand based on connected output areas and their connected 
percentage. Equation 5 calculates the heat price. 

𝐺𝐺𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖(𝑡𝑡) = ∑(𝑂𝑂𝑂𝑂𝑖𝑖 ∙ 𝐶𝐶𝐺𝐺𝑖𝑖 ∙ 𝐻𝐻𝐷𝐷𝐷𝐷𝑡𝑡𝐺𝐺𝐻𝐻𝐻𝐻𝐻𝐻𝐷𝐷(𝑡𝑡))   (4) 

𝐻𝐻𝐷𝐷𝐷𝐷𝑡𝑡𝐺𝐺𝐻𝐻𝐻𝐻𝐻𝐻𝐷𝐷(𝑡𝑡) = 𝐵𝐵𝐷𝐷𝐵𝐵𝐷𝐷𝐺𝐺𝐻𝐻𝐻𝐻𝐻𝐻𝐷𝐷 ∙ (1 + 𝑃𝑃𝐷𝐷𝐻𝐻𝑀𝑀𝐷𝐷𝑡𝑡𝑀𝑀𝐷𝐷𝐻𝐻𝑡𝑡𝑀𝑀𝐻𝐻(𝑡𝑡) + 𝐺𝐺𝑀𝑀𝑃𝑃𝐻𝐻𝐻𝐻𝑃𝑃𝑀𝑀𝐷𝐷𝐻𝐻𝑡𝑡𝑀𝑀𝐻𝐻(𝑡𝑡))  (5) 

Where 𝑂𝑂𝑂𝑂𝑖𝑖 is the ith output area, and 𝐶𝐶𝐺𝐺𝑖𝑖 is the associated connection percentage, 
𝐻𝐻𝐷𝐷𝐷𝐷𝑡𝑡𝐺𝐺𝐻𝐻𝐻𝐻𝐻𝐻𝐷𝐷(𝑡𝑡) is the dynamic heat price per kWh at time t, which varies based on market con-
ditions, subsidies, and carbon pricing mechanism. 

Equation 6 calculates revenue from demand and heat price per kWh. 

𝑅𝑅𝐷𝐷𝑅𝑅𝐷𝐷𝐷𝐷𝑅𝑅𝐷𝐷(𝑡𝑡) = 𝐻𝐻𝐷𝐷𝐷𝐷𝑡𝑡𝐺𝐺𝐻𝐻𝐻𝐻𝐻𝐻𝐷𝐷(𝑡𝑡) ∙ 𝐺𝐺𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝑡𝑡)   (6) 
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2.6 Output Area 

Equation 7 determines the cost of expanding the DHN based on demographic factors of the 
output area. In densely populated areas, the complexity and logistical challenges of installing 
or expanding a DHN can increase. 

𝐸𝐸𝐸𝐸𝐸𝐸𝐷𝐷𝐷𝐷𝐵𝐵𝐻𝐻𝑀𝑀𝐷𝐷𝐶𝐶𝑀𝑀𝐵𝐵𝑡𝑡𝑖𝑖(𝑡𝑡) = 𝐸𝐸𝐶𝐶𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏𝑖𝑖 ∙ (1 − 𝐺𝐺𝑓𝑓) ∙ (1 + 𝐷𝐷 ∙ 𝐻𝐻𝐺𝐺𝑖𝑖  ∙ (1 − 𝛽𝛽 ∙ 𝑆𝑆𝐻𝐻𝐺𝐺𝐻𝐻𝑀𝑀𝐸𝐸𝑖𝑖)  (7) 

Where 𝐺𝐺𝑓𝑓 is a government grant factor reducing the base expansion cost and represents the 
influence of grants due to zoning laws, 𝐸𝐸𝐶𝐶𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏 is the initial expansion cost calculated from 
output area parameters. 𝑆𝑆𝐻𝐻𝐺𝐺𝐻𝐻𝑀𝑀𝐸𝐸 is the proportion of social housing in the output area. 

2.7 House Agent 

The probability of a household deciding to connect to the DHN is calculated using a logistic 
function, as shown in Equation 8. This probability is determined by the cumulative score (Z), 
which is derived from various weighted factors, as illustrated in Equation 9. Each of these 
scores is weighted by their respective β coefficients, which quantify their relative importance 
in the model. 

𝐺𝐺(𝐶𝐶𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝐻𝐻𝑡𝑡) = 1
1+𝑏𝑏−𝑍𝑍

      (8) 

𝑍𝑍 =
𝛽𝛽0 + 𝛽𝛽1 ∙ 𝐸𝐸𝐻𝐻𝑀𝑀𝐸𝐸𝐷𝐷𝐻𝐻𝑡𝑡𝑃𝑃𝑝𝑝𝑃𝑃𝐸𝐸𝐷𝐷 + 𝛽𝛽2 ∙ ℎ𝐷𝐷𝐷𝐷𝑡𝑡𝐻𝐻𝐷𝐷𝑒𝑒𝑆𝑆𝑃𝑃𝐵𝐵𝑡𝑡𝐷𝐷𝐷𝐷 + 𝛽𝛽3 ∙ 𝐷𝐷𝐻𝐻𝑀𝑀𝐷𝐷𝑀𝑀𝐷𝐷𝐻𝐻𝐻𝐻𝑂𝑂𝐻𝐻𝑡𝑡𝐻𝐻𝑅𝑅𝐻𝐻𝑡𝑡𝑃𝑃 + 𝛽𝛽4

∙ 𝑂𝑂𝑒𝑒𝐷𝐷𝐺𝐺𝐻𝐻𝑀𝑀𝑅𝑅𝐸𝐸(𝑡𝑡) + 𝛽𝛽6 ∙ 𝑆𝑆𝑀𝑀𝐻𝐻𝐻𝐻𝐷𝐷𝑃𝑃𝐺𝐺𝐻𝐻𝐷𝐷𝐷𝐷𝐷𝐷 + 𝛽𝛽7 ∙ 𝐺𝐺𝑀𝑀𝑃𝑃𝐻𝐻𝐻𝐻𝑃𝑃𝑂𝑂𝐷𝐷𝑃𝑃𝑅𝑅𝐵𝐵𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡(𝑡𝑡) + 𝛽𝛽8 ∙ 𝑆𝑆𝑅𝑅𝑆𝑆𝐵𝐵𝐻𝐻𝐷𝐷𝑃𝑃𝑆𝑆𝐷𝐷𝑅𝑅𝐷𝐷𝑃𝑃(𝑡𝑡)
+𝛽𝛽9 ∙ 𝐻𝐻𝐷𝐷𝐷𝐷𝑡𝑡 𝐺𝐺𝐻𝐻𝐻𝐻𝐻𝐻𝐷𝐷(𝑡𝑡)

     (9) 

Where 𝐸𝐸𝐻𝐻𝑀𝑀𝐸𝐸𝐷𝐷𝐻𝐻𝑡𝑡𝑃𝑃𝑝𝑝𝑃𝑃𝐸𝐸𝐷𝐷 is influenced by the type of property, where different property types are 
assigned specific scores. ℎ𝐷𝐷𝐷𝐷𝑡𝑡𝐻𝐻𝐷𝐷𝑒𝑒𝑆𝑆𝑃𝑃𝐵𝐵𝑡𝑡𝐷𝐷𝐷𝐷 reflects the current heating system in use, with dif-
ferent systems being scored differently based on their efficiency and type. 𝐷𝐷𝐻𝐻𝑀𝑀𝐷𝐷𝑀𝑀𝐷𝐷𝐻𝐻𝐻𝐻𝑂𝑂𝐻𝐻𝑡𝑡𝐻𝐻𝑅𝑅𝐻𝐻𝑡𝑡𝑃𝑃 
accounts for the economic activity of the household, with different employment statuses lead-
ing to varied scores. 𝐺𝐺𝑀𝑀𝑃𝑃𝐻𝐻𝐻𝐻𝑃𝑃𝑂𝑂𝐷𝐷𝑃𝑃𝑅𝑅𝐵𝐵𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡 and 𝐵𝐵𝑅𝑅𝑆𝑆𝐵𝐵𝐻𝐻𝐷𝐷𝑃𝑃𝑆𝑆𝐷𝐷𝑅𝑅𝐷𝐷𝑃𝑃 are parameters that can affect the 
outcome of the logistical function and can be changed to enact policies.  

2.8 Local Government 

Equation 10 assesses the gap between targeted and current emissions. 

𝐸𝐸𝐷𝐷𝐻𝐻𝐵𝐵𝐵𝐵𝐻𝐻𝑀𝑀𝐷𝐷𝐺𝐺𝐷𝐷𝐸𝐸(𝑡𝑡) = 𝑝𝑝𝐸𝐸 − 𝐶𝐶𝐸𝐸(𝑡𝑡)   (20) 

Where 𝑝𝑝𝐸𝐸 is the target emissions and 𝐶𝐶𝐸𝐸 is the current emissions. 

Equation 11 determines the investment in infrastructure based on budget and stakeholder 
pressure. This equation estimates the investment in infrastructure based on a policy strength 
parameter, which represents the local government's commitment to DHN expansion, and the 
difference between required and current infrastructure. 

𝐼𝐼𝐼𝐼(𝑡𝑡) = 𝜃𝜃 ∙ 𝐺𝐺𝑆𝑆 ∙ (𝑅𝑅𝐼𝐼(𝑡𝑡) − 𝐶𝐶𝐼𝐼(𝑡𝑡))   (31) 

Where 𝜃𝜃 is a coefficient representing the efficiency of budget utilisation. 𝐺𝐺𝑆𝑆 is the policy sensi-
tivity that reflects the intensity of local government policies and stakeholder pressure. 𝑅𝑅𝐼𝐼 and 
𝐶𝐶𝐼𝐼 represent the infrastructure needs and current state, respectively. 

Equation 12 calculates the infrastructure needed to meet the total demand for district heating 
in the output area. It multiplies the total demand at time t by the amount of infrastructure re-
quired per unit of demand. 
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𝑅𝑅𝐼𝐼(𝑡𝑡) = 𝑝𝑝𝑀𝑀𝑡𝑡𝐷𝐷𝑃𝑃𝐺𝐺𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝑡𝑡) ∙ 𝐼𝐼𝐷𝐷𝐼𝐼𝐻𝐻𝐷𝐷𝐵𝐵𝑡𝑡𝑅𝑅𝐻𝐻𝑅𝑅𝑡𝑡𝐻𝐻𝐷𝐷𝐶𝐶𝑀𝑀𝐵𝐵𝑡𝑡𝐺𝐺𝐷𝐷𝐻𝐻𝐼𝐼𝐷𝐷𝐻𝐻𝑡𝑡𝐺𝐺𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷  (42) 

𝑝𝑝𝑀𝑀𝑡𝑡𝐷𝐷𝑃𝑃𝐺𝐺𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 is the total heating demand in the output area at time t, 
𝐼𝐼𝐷𝐷𝐼𝐼𝐻𝐻𝐷𝐷𝐵𝐵𝑡𝑡𝑅𝑅𝐻𝐻𝑅𝑅𝑡𝑡𝐻𝐻𝐷𝐷𝐶𝐶𝑀𝑀𝐵𝐵𝑡𝑡𝐺𝐺𝐷𝐷𝐻𝐻𝐼𝐼𝐷𝐷𝐻𝐻𝑡𝑡𝐺𝐺𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 is an estimated value representing the amount of infra-
structure (e.g., piping, pumps) needed per unit of heating demand. 

2.9 Feedback Mechanisms and Behavioural Rules 

This adoption-infrastructure investment feedback loop, described by Equation 13 is modelled 
to reflect the dynamic interplay between DHN adoption and infrastructure investment.  

𝐼𝐼𝐼𝐼(𝑡𝑡) = 𝜃𝜃 ∙ 𝐺𝐺𝐻𝐻𝐷𝐷𝐷𝐷𝐷𝐷𝑀𝑀𝐸𝐸𝑡𝑡𝐻𝐻𝑀𝑀𝐷𝐷(𝑡𝑡) ∙ 𝐼𝐼𝐷𝐷𝑅𝑅𝐷𝐷𝐵𝐵𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝑃𝑃𝑅𝑅𝑃𝑃𝑡𝑡𝐻𝐻𝐸𝐸𝑃𝑃𝐷𝐷𝐻𝐻    (13) 

Where 𝐺𝐺𝐻𝐻𝐷𝐷𝐷𝐷𝐷𝐷𝑀𝑀𝐸𝐸𝑡𝑡𝐻𝐻𝑀𝑀𝐷𝐷(𝑡𝑡) is the percentage of total households connected to the DHN at time 
t, 𝜃𝜃 is the scaling factor that translates adoption to investment needs, 𝐼𝐼𝐷𝐷𝑅𝑅𝐷𝐷𝐵𝐵𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝑃𝑃𝑅𝑅𝑃𝑃𝑡𝑡𝐻𝐻𝐸𝐸𝑃𝑃𝐷𝐷𝐻𝐻 
reflects the proportionality between current adoption levels and required infrastructure invest-
ment. 

This market dynamics-policy feedback loop described by Equation 14 affects how market dy-
namics influence policy decisions which in turn affects market conditions 

𝐺𝐺𝑀𝑀𝑃𝑃𝐻𝐻𝐻𝐻𝑃𝑃𝑂𝑂𝐷𝐷𝑃𝑃𝑅𝑅𝐵𝐵𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡(𝑡𝑡) = 𝜃𝜃 ∙ 𝑃𝑃𝐷𝐷𝐻𝐻𝑀𝑀𝐷𝐷𝑡𝑡𝐶𝐶𝑀𝑀𝐷𝐷𝐷𝐷𝐻𝐻𝑡𝑡𝐻𝐻𝑀𝑀𝐷𝐷(𝑡𝑡) ∙ 𝐺𝐺𝑆𝑆 ∙ 𝐸𝐸𝐷𝐷𝑅𝑅𝑀𝑀𝐷𝐷𝐻𝐻𝑡𝑡𝑀𝑀𝐻𝐻(𝑡𝑡)   (14) 

Where 𝑃𝑃𝐷𝐷𝐻𝐻𝑀𝑀𝐷𝐷𝑡𝑡𝐶𝐶𝑀𝑀𝐷𝐷𝐷𝐷𝐻𝐻𝑡𝑡𝐻𝐻𝑀𝑀𝐷𝐷(𝑡𝑡) is the average DHN cost of heat at time t, and 𝐺𝐺𝑆𝑆 is the policy 
sensitivity and affects how responsive policies are to changing market conditions. 
𝐸𝐸𝐷𝐷𝑅𝑅𝑀𝑀𝐷𝐷𝐻𝐻𝑡𝑡𝑀𝑀𝐻𝐻(𝑡𝑡) reflects the environmental policy impact. 

3. Case study 

The following case study, centred on simulating the adoption of DHNs in South Yorkshire, UK, 
was calibrated with key parameters mirroring real-world conditions and policy impacts, as de-
rived from government 'heat networks' documentation and study [22]. In the base case sce-
nario, which represents the status quo without policy interventions, the parameters were set to 
reflect the following specific values, shown in Table 1. 

Table 1. Baseline parameters 

Parameter Value 
Economic Impact Factor (𝜆𝜆) 0.5 
GDP Current Value (𝐺𝐺𝐺𝐺𝐺𝐺(𝑡𝑡)) Based on the latest UK GDP data [23] 
Average GDP (𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎) Based on average UK GDP data [23] 
Climate Change Sensitivity Factor (𝜓𝜓) 0.3 
Installation Base Cost (𝐺𝐺𝐼𝐼𝑐𝑐) £800 [22] 
Connection Density Adjustment (𝜑𝜑) Adjusted based on the output area 
Complexity Factor (𝐼𝐼𝑐𝑐) Adjusted based on project complexity of out-

put area 
Base Price for Heat Price Current market rate [22] 
Market Factor for Heat Price Neutral in the base scenario 
Policy Factor for Heat Price Neutral in the base scenario 
Initial Expansion Cost (𝐸𝐸𝐶𝐶𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏𝑖𝑖) [22] 
Proportion of Social Housing (𝑆𝑆𝐻𝐻𝐺𝐺𝐻𝐻𝑀𝑀𝐸𝐸) Census data [20] 
Household Decision-making Coefficients 
(𝛽𝛽0 𝑡𝑡𝑀𝑀 𝛽𝛽9) 

calculated from Ofgem regression [21] 

Target Emissions (𝑝𝑝𝐸𝐸) UK's target emissions for 2050 [22] 
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Current Emissions (𝐶𝐶𝐸𝐸) Model calculated 
Infrastructure Cost per Unit Demand Model calculated 
Average Household Demand per year 12.3MWh [22] 

In assessing the potential impacts of various policy interventions on the adoption of DHNs, 
three distinct policies were simulated within the agent-based model tailored for South York-
shire, UK. Each policy, slated for implementation at different times over a decade, is designed 
to target specific barriers to DHN expansion and uptake. 

• Policy A introduces a subsidy increase in 2023, intending to lower the financial 
barriers to installation. By reducing the base cost of installation and amplifying 
government grants, this policy seeks to alleviate the upfront financial burden on 
households and DHN providers, thereby fostering a more rapid expansion of 
the network. To apply this a decrease to the Installation Base Cost (𝐺𝐺𝐼𝐼𝑐𝑐) by 20% 
to reflect the reduced installation cost. Increase the Government Grant Factor 
(𝐺𝐺𝑓𝑓) by 20% to simulate the enhanced governmental support. 

• Policy B, set for 2026, leverages tax incentives to influence market behaviours. 
By adjusting the policy factor, this intervention aims to make sustainable heating 
options more economically attractive, promoting a shift towards greener energy 
sources. To apply this the Policy Factor (𝐺𝐺𝑀𝑀𝑃𝑃𝐻𝐻𝐻𝐻𝑃𝑃𝑀𝑀𝐷𝐷𝐻𝐻𝑡𝑡𝑀𝑀𝐻𝐻) was modified by 10%, 
reflecting the tax on heat price and its influence on the market. 

• Policy C will enact a mandatory adoption strategy for social housing by 2028. 
With a substantial increase in connection rates and a local authority subsidy, 
this policy addresses the socio-economic factors influencing energy choices in 
social housing, ensuring that these communities are not left behind in the tran-
sition to sustainable heating solutions. For the output areas predominantly com-
prising social housing (as indicated by the 𝑆𝑆𝐻𝐻𝐺𝐺𝐻𝐻𝑀𝑀𝐸𝐸 parameter), increase the 
Connection Percentage (𝐶𝐶𝐺𝐺𝑖𝑖) by 30% to simulate the mandatory adoption. Ad-
ditionally, introduce a 20% subsidy from the local authority by adjusting the Lo-
cal Government Policy Sensitivity (𝐺𝐺𝑆𝑆) and/or the Subsidy Level (𝛽𝛽8) in the lo-
gistic function for these specific areas. 

4. Results 

This section presents the outcomes from the 10-year agent-based simulation within a desig-
nated heat zoning area of South Yorkshire, UK. The simulation, covering 493 output areas 
housing 58,053 dwellings, provides a nuanced picture of DHN adoption trends and the infra-
structure investment landscape under a range of policy scenarios. Incorporating economic, 
climatic, and socio-political variables. The accompanying figures detail the adoption growth 
trajectory of DHNs alongside the progression of cumulative investments throughout the simu-
lated period. In the base scenario, by 2030, the average cost of district heating per household 
is projected at £165 per MWh or 2030£ per household, aligning closely with government doc-
umentation [22] that cites a range of £80 to £161 per MWh. Under policy-influenced scenarios, 
a less substantial investment is noted, averaging £1460 per household and £119 per MWh, 
indicative of the impact of subsidies, tax incentives, and mandated adoptions on market dy-
namics.  

The simulation over 10 years revealed that policy scenarios culminated in a £33 million 
reduction in investment, equating to a notable 27.97% decrease compared to the base case. 
This aligns with a projected £17 million subsidy increase and an £8.5 million tax incentive, 
contributing to this cost-effectiveness. Additionally, the mandatory adoption policy in social 
housing is estimated to connect an extra 17,416 houses to the DHN. Although the 28% reduc-
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tion in required investment suggests a synergistic effect of the combined policies, which sur-
passes the sum of their individual impacts. The policies' interplay appears to enhance the fi-
nancial and operational viability of the DHNs, advocating for a multi-faceted policy framework. 
The adoption rate reaches near saturation, with a 100% connection in the base case by 2030, 
whereas policy interventions reduce this to 2028. The following Figures illustrate the growth 
rate of the district heating network adoption and the investment trends over the simulation 
period. 

 

Figure 3. Trajectory of District Heating Network (DHN) Adoption and Cumulative Investment in South 
Yorkshire, UK 

Figure 3 shows the baseline scenario for DHN adoption in South Yorkshire, UK, without 
policy intervention. It tracks the percentage of DHN adoption and cumulative infrastructure 
investment from 2020 to 2030. The gradual increase in adoption (blue line) and steady rise in 
investment (green line) reflect organic market growth driven by individual user decisions and 
market conditions. 

 

Figure 4. Impact of Policy Interventions on DHN Adoption and Cumulative Investment in South York-
shire, UK 
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Figure 4 depicts the impact of policy interventions on DHN adoption and investment. Policy 
A, introduced in 2023, significantly increases DHN adoption, as shown by the rising blue line, 
demonstrating its effectiveness in encouraging user connections. The green line, representing 
investment, shows a plateau, suggesting cost alleviation by the government grant policy. With 
Policy C in 2028, there's a sharp increase in DHN adoption, especially in social housing, albeit 
with a slight initial lag. This figure highlights the accelerated transition to sustainable heating 
due to these policies. Post-2023, the adoption and investment trajectories in the policy sce-
nario show marked deviation from the base case, indicating the success of the policies in driv-
ing DHN expansion. The adoption rates continue to climb, even after Policy C in 2028, though 
the impact here is less pronounced than earlier policies, hinting at nearing saturation. 

This comparison between Figures 3 and 4 underscores the significant influence of gov-
ernment policies on expediting the transition to sustainable heating solutions. The period from 
2020 to 2023 serves as a baseline, with both scenarios beginning similarly, crucial for evalu-
ating the effect of subsequent policy interventions. Post-2023, with Policy A's implementation, 
a notable change in DHN adoption and investment trends is observed, indicating the policy's 
effectiveness in boosting DHN expansion. This is evidenced by differences from the base sce-
nario, highlighting Policy A's role in reducing financial barriers to infrastructure development. 
The introduction of Policy B in 2026 further accelerates DHN adoption, as shown by the steep-
ening trend in the policy-inclusive scenario. This demonstrates Policy B's efficacy in maintain-
ing the growth momentum, with investment trends mirroring this positive trajectory. Finally, 
Policy C in 2028 introduces a shift in investment dynamics, indicated by a brief plateau and 
subsequent rise in adoption rates. Although the impact here is more subdued, it points to the 
nearing of market saturation and the challenges of connecting the remaining households. It is 
unknown why there is a large spike just before the simulation ends perhaps the effect of man-
datory connectivity kicking in. 

5. Discussion  

The 10-year simulation for South Yorkshire’s heat zoning area underscores the critical role of 
policy interventions in steering the adoption of DHNs and optimising infrastructure investments. 
Quantitative analysis reveals a notable cost reduction in the policy scenario, with an average 
district heating cost per household decreasing to £1460, translating to £119 per MWh by 
2030—a 27.97% decrease compared to the base case. This aligns closely with government 
studies [22], suggesting an expected cost range for DHN heat of £80 to £161 per MWh. 

The fiscal impact of policy measures is substantial, with a £33 million reduction in invest-
ment required, surpassing the sum of individual policy contributions (£25.5 million), and illus-
trating the synergistic potential of integrated policy frameworks. The adoption rates are pro-
jected to reach near-complete coverage earlier in the policy scenario by 2028, compared to 
2030 in the base case, signifying a significant acceleration due to policy influences. 

However, the projected timescales for DHN adoption, while encouraging, may be overly 
optimistic. Real-world complexities such as logistical challenges, stakeholder negotiations, and 
technological integration could extend these timelines. The simulation also suggests a plateau 
in investment following the introduction of Policy C in 2028, hinting at the approach toward a 
saturation point, where the remaining non-connected households may present unique chal-
lenges. 

6. Conclusion 

In conclusion, this research offers valuable insights into the dynamics of DHN adoption, par-
ticularly under the influence of multifaceted policy interventions. The study demonstrates the 
significant impact of integrated policy frameworks, combining subsidies, tax incentives, and 
mandatory connections, in accelerating the adoption process. Notably, the analysis revealed 
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a synergistic effect of these policies, yielding a greater reduction in infrastructure investment 
costs than the sum of the individual policy costs. This underscores the benefits of a multi-
faceted policy approach in driving efficient and sustainable DHN expansion and provides a 
roadmap for municipalities and policymakers. Specifically, the findings can inform strategic 
planning and policy formulation aimed at achieving net-zero targets in urban heating systems. 

The simulation results indicate an improved growth rate, achieving a 100% connection 
rate by 2028, two years ahead of the baseline scenario. This faster adoption aligns with the 
UK's ambitious targets for sustainable energy and highlights the effectiveness of targeted pol-
icy measures. Additionally, the investment per household was significantly reduced under the 
policy scenarios, aligning with government estimates, and reinforcing the economic viability of 
these interventions. 

However, the study also acknowledges certain limitations, such as the overly optimistic 
connection rates, suggesting the need for more realistic project timelines and considerations 
of retrofit turnaround times in future research. Moreover, the importance of integrating social 
and behavioural aspects into the model is emphasised, as these factors are crucial for a com-
prehensive understanding of DHN adoption dynamics. The findings pave the way for future 
work that incorporates these elements, thereby refining the accuracy and applicability of the 
model in real-world scenarios. 
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