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Abstract 
The University of Strathclyde, as part of their commitment to reducing their environmental footprint, installed a District 
Energy Scheme in 2018. The natural gas-powered Combined Heat and Power (CHP) system provides energy to 75% of 
the University campus and was designed to enable expansion to neighbouring buildings in Glasgow city centre. Here we 
present a lifecycle carbon assessment to quantify the upfront and operational emissions associated with the District Energy 
Scheme, understand how this might change with system expansion, and, ultimately, determine whether the scheme is 
compatible with the University’s longer-term climate goals. Further, such analysis can identify options to reduce the carbon 
footprint of district energy schemes.  
 
We calculated the embedded carbon of the installed system, and the emissions associated with running the system, based 
on 2019/20 performance and demand. Emissions associated with installation were outside the scope of our work. We 
found that the District Energy Scheme has a total embedded carbon of 942 tCO2e, the majority of which (62%) sources 
from the pipe network for heat transport. Over the project design life of 30 years the footprint becomes 63 tCO2e/year. To 
reduce the embedded carbon of future (high temperature) district heating schemes pipeline lengths should be minimised, 
and, where possible, sourced from recycled or reused pipes, or pipes made from low carbon steel. 
 
We analysed operational data for the current and potential future system and compared our results with the carbon 
intensity of heat from individual gas boilers and power from the electricity grid. We found that operational emissions are at 
least two orders of magnitude greater than the embedded carbon; the total carbon intensity of emissions associated with 
natural gas fuel consumption in 2019 totalled 15,095 tCO2e. For heat, compared to individual gas boilers, and taking into 
account the CO2 emissions from the boilers themselves, we calculate an annual net saving of 1,497 tCO2e. Thus, the 
carbon embedded in the pipe infrastructure is paid back within 8 months of installation of the District Energy Scheme. For 
power, compared to the current national grid, the CHP represents a carbon saving of 13%. However, the grid is 
decarbonising and, based on the current trajectory, the carbon intensity of the District Energy Scheme will be 65% more 
than the grid in 2050 (the end of the project design life). In total, the District Energy Scheme saves 25% compared to the 
University’s previous heating system and has saved an estimated 15,894 tCO2e in the 2 years since installation. Should 
the network be expanded, implementing a second CHP engine (to keep the more carbon intensive gas boilers as a 
supplementary heat source) would keep the carbon intensity of the CHP low.   
 
For the University to continue to deliver on long term climate goals we recommend that (a) measures to reduce heat and 
power consumption across the University campus are accelerated, and (b) the District Energy Scheme is converted away 
from fossil fuel energy sources before 2030. 

 
1. Introduction 

 

1.1 District heating schemes for decarbonisation: 
Minimising emissions from residential and industrial heat-
energy sources has proven challenging. Most heating 
systems in operation are still fossil fuel powered, and 37% 
of Scotland's carbon emissions comes from the heating 
sector [1]. It is critical that we install less carbon-intensive 
technologies or approaches with the capacity to emulate 
energy outputs of current systems while producing 

significantly less carbon emissions. District Heat 
Networks, whereby individual boilers are replaced by 
centralised heat source, could accelerate heat 
decarbonisation. For this reason, the Scottish Government 
has committed to a number of actions in order to regulate 
the supply of thermal energy via heat network and also the 
construction and operation of such networks [2]. For 
example, the Heat Networks (Scotland) Bill (2020), 
currently under review, aims to "stimulate the deployment 



 

 

of district and communal heating by de-risking investment 
and increasing consumer awareness and acceptance". [3] 

Combined heat and power (CHP) is a form of district 
heating. CHP is an efficient process that captures and 
utilises the heat that is produced in power generation [4]. 
By generating heat and power simultaneously from the 
same fuel, CHP can reduce carbon emissions by up to 
30% compared to the separate generation of heat through 
a gas-fired boiler and electricity from the national grid [2]. 
Where a demand for both heat and electricity exist in the 
same location, CHP can reduce energy costs whilst 
reducing carbon emissions and air pollution [2]. CHP can 
be powered by natural gas or lower carbon sources such 
as biofuel. Where natural gas is used, there is critique that 
the system is not netzero compatible. The UK national grid 
is set to decarbonise by 2030, with an emission intensity 
towards 50gCO2/kWh [5]. That said, CHPs take demand 
off the national grid, which will be increasingly pressured 
as electrification becomes widespread.   

1.2 Strathclyde’s District Energy Scheme 
The University of Strathclyde, in their aim of tackling 
climate change and reducing resource use, have 
committed to an equivalent of 28% (from 2006 levels) of 
CO2e emission reduction by late 2020, which aims to a 
level of 21,623 tCO2e per annum [6], in line with Scotland’s 
targets to reach netzero by 2045 [7].  

In 2018, in collaboration with Vital Energi, the University 
installed a state-of-the-art centralised energy centre 
comprising a Combined Heat and Power engine and three 
boilers. Strathclyde’s CHP, referred to as the Energy 
Centre, provides heat to 18 buildings on campus via a 

network of pipes. The network was designed to have 
capacity to expand, as there are 6 future connections for 
buildings within the campus and Glasgow City Chambers. 
[8] 

1.3 Evaluating the scheme’s carbon savings  
It is important to examine the footprint of Strathclyde’s 
District Energy Scheme (DES), not only to understand the 
current CO2 savings it offers, but also to understand 
whether the system will be effectively obsolete as the grid 
decarbonises. To this end, we undertook a lifecycle carbon 
assessment to understand the upfront and operational 
emissions associated with the DES and how this might 
change with system expansion, and to identify options to 
reduce its carbon footprint.  

Our research uses Strathclyde’s DES as a case study, 
but the results could inform the design and operation 
of future District Heating schemes.  
 

2. Methodology and Assumptions 
 

2.1 Goal and Scope 
The research focused on the installed hardware and 
operation of Strathclyde’s DES. Emissions associated with 
hardware installation (e.g. procurement, transport, drilling, 
cementing) were outside the scope of this work. Figure 1 
shows the scheme’s 12 main components.  We consider 8 
of these in our analysis. It is anticipated that the 4 
components that we did not consider will not affect the 
magnitude of the embedded carbon we calculate. There 
are 4 main heat sources (the CHP and 3 boilers).

 

 

Fig. 1: Map of the DES displaying the components that were accounted for in our calculations (1. CHP Unit, 2. Gas Boilers, 3. Thermal Store, 4. DH 
(District Heating) Pump, 5. Acoustic Enclosure, 6. Side Stream Filter, 7. Weld and Joints, 8. DH Pipes) and unaccounted for (9. Single Flue liners, 10. 
Meters, 11. Vacuum Degassers, 12. Pressurisation Unit). The map also shows the extension and distribution of the heating network within the campus. 



 

 

2.2 Life Cycle Inventory 
The carbon embedded in the main components of the DES 
were calculated using information (material composition, 
mass) within Vital Energi documentation [9]. Where the 
necessary detail was not available, we make assumptions 
based on other published work. Where this was not 
possible, we do not account for those components. In total, 
we considered 8 of the 12 components in our analysis.  

Monthly fuel consumption is recorded by a gas meter that 
goes directly to the Energy Centre with an alternate 
connection to the James Weir Building (Fig. 1). We used 
fuel consumption between 2019 and 2020 to derive annual 
fuel consumption and average monthly fuel consumption. 
The carbon emissions from fuel consumption were 

calculated by using DEFRA’s emission factor for natural 
gas (0.184557kgCO2e/kWh [10]). Data collected from 5 
heating meters within the Energy Centre were used to 
calculate the annual and monthly thermal output. 
 

3. Results and Analysis 
 

3.1 Embedded Carbon 
We calculate the embedded carbon within the DES to be 
942 tCO2e. The breakdown of component contributions is 
shown in Figure 2. Pipework, and the CHP engine are 
the main sources of embedded carbon. These are 
made primarily of steel. 

 

3.2 Operational emissions 
The total monthly and yearly carbon emissions from the 
Energy Centre due to fuel consumption totalled 1,258 
tCO2e and 15,095 tCO2e respectively. Compared to the 
carbon intensity of the national grid the CHP offers a 
13% carbon saving (in 2020 the grid intensity is 
221gCO2/kWh[5]). 

The heat generated by the CHP and the gas-fuelled 
boilers had to be considered separately to understand 
emissions from heat generation. The cumulative carbon 
savings of the CHP were found to be 4,364 tCO2e/year 
(2019) and the carbon intensity of the three gas-fuelled 
boilers was 2,867 tCO2e 

The carbon savings offered by the CHP will pay back 
the embedded carbon within 8 months. Thereon, the 
DES will begin reducing its carbon intensity as long as the 
CHP is maintained as the primary source of thermal 
energy. 

3.3 System expansion and carbon intensity 
Our calculations were based on the CHP’s current 
average baseload efficiency (~33.7% in 2019). However, 
if the heat demand increases, boilers will be forced to 
operate at a higher capacity which results in a higher 
carbon intensity. This can already be observed in winter 
months during which heat demand increases. The 
resulting higher thermal output generated is distributed 

Fig. 2: Total Embedded Carbon within the University Energy Scheme (unit in tCO2e). DH = District Heating 



 

 

throughout the network, but in some cases the boilers 
become the main source of heat rather than the CHP 
(Figure 3). However, it should be noted that this is because 
an increased efficiency results in increased electricity 
generation which could lead to a surplus of energy which 
the infrastructure cannot tolerate. 

These issues are particularly important to consider when 
considering system expansion. Currently, Strathclyde 
plans to expand the network to connect 6 more buildings 
around the campus. Firstly, the additional infrastructural 
carbon coming from the new pipes and their subsidiaries 

will increase the carbon embedded in the hardware. 
Secondly, with these extra connections the heat demand 
could increase significantly. The current DES would be 
able to handle this demand given that no 3 boilers operate 
at the same time and the energy centre’s components - 
including the CHP – are not at heat efficiency. However, if 
expansion continues there will come a point that the 
boilers will become the main source of heat energy (with a 
current infrastructure energy demand in cold day on winter 
of 14.4 MWh), reducing the carbon savings from the 
system.

 

As such, we recommended that in the instance that the 
university expands its network, the most carbon-efficient 
course of action would be to implement a second CHP 
engine which would ensure that the status of boilers 
remains supplementary rather than a primary energy 
source. However, this could raise the embodied carbon at 
other stages of the development life cycle, which our 
calculations suggest they will be quickly paid back. 
 

4. Conclusions and Recommendations 
 

We find that Strathclyde’s District Energy System 
offered annual carbon saving of 4,364 tCO2e in 2019. 
This is a reduction of 25% compared to its previous 
heating system. Thus, by installing the DES, the 
University is delivering on its plans to be a more 
sustainable institution.  

However, there are critical considerations for system 
expansion - and for future DH schemes too. We make the 
following recommendations for sustainable future 
research and practice: 

 The current infrastructure is less carbon intensive than 
the centralised electricity grid. However, the grid’s rate 
of decarbonisation indicates that by 2030 the grid 
intensity will be lower than power from the CHP. Since 
the purpose of the CHP will be effectively obsolete at 
this point, the University should anticipate a switch 

to all or part non-fossil fuel-based energy source 
before 2030 (syngas, biogas or biomass). 

 We consider 8 of the 12 components of the current 
system for our calculations of embedded carbon. The 
remaining 4 components are not anticipated to have 
large effect on the imbedded carbon, however future 
research should consider all components. 

 Pipework has the largest embedded carbon in the 
DES infrastructure. There are options to reduce the 
carbon footprint of pipework steel by shortening 
the length of the extension, re-use of pipework, or 
sourcing of low-carbon steel. However, we find that 
the embedded carbon is significantly less than the 
carbon savings from operation, with a payback period 
of only 8 months for the Strathclyde DES.  

 Energy data through the COVID-19 pandemic 
lockdown shows that empty buildings do not require 
surplus heat, but also that there is a routine level of 
operation despite the campus not being in full use. 
This indicates that further steps could be taken to 
minimise heat output. Approaches to further reduce 
the heating output on campus are being implemented 
by the Estates Services, which, in turn, will reduce 
carbon emissions. 

 

Fig. 3:  Thermal output, Efficiency and Carbon Savings hypothesized from Different CHP Baseloads compared to 
efficiency tests performed in 2018 [9]  

Baseload 
Thermal 
Output 
(kWh) 

Thermal 
Efficiency 

Carbon 
Savings 
(kgCO2e) 

33.71% 1145.01 49.10% 249.07 

50% 1698.32 45.80% 369.43 

75% 2341.40 43.90% 509.32 

100% 2988.16 43.00% 650.01 
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