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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract

In this paper the impact on the store’s energy use by different refrigeration systems, remote and centralised, is investigated as 
well as their environmental impact. The study is performed using the energy simulation program EnergyPlus in a reference 
baseline model which has been verified against measured energy and environmental conditions data. The refrigeration system of
the case study includes plugged-in display cabinets to serve both medium temperature (MT) and low temperature (LT) 
refrigeration loads. Centralised systems are compared with the remote plugged-in refrigeration cabinets. The different 
refrigeration systems studied are, a) two parallel centralised systems for MT and LT loads, b) two parallel cascade systems 
(R134a/CO2) for MT and LT loads and c) a transcritical CO2 booster. The study is performed for DSY London weather file to 
capture the risk of warmer than a typical year consequences in centralised refrigeration systems operation. Besides these 
refrigeration systems, the CO2 transcritical appears as the one of the most promising replacement in terms not only of energy use 
reduction due to its high efficiency in London climate but on its low contribution to global warming as well.
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Nomenclature

GHG Greenhouse gases 
GWP Global Warming Potential 
HFC Hydrofluorocarbon
HC            Hydrocarbon
HVAC      Heating, Ventilation and Air-Conditioning
LT             Low Temperature
MT            Medium Temperature
AHU       Air Handling Unit
DX             Direct Expansion
CAV          Constant Air Volume
ach             Air Changes per hour
DSY           Design Summer Year
MBE          Mean Bias Error 
CVRMSE  Coefficient of Variation of the Root Mean Square Error
N           Sample size
yi                         Measured data
𝑦𝑦𝑦𝑦�𝑖𝑖𝑖𝑖                Simulated data
𝑌𝑌𝑌𝑌𝑠𝑠𝑠𝑠�                 Sample mean of measured data
HP              High Pressure
LP               Low Pressure
TEWI         Total Equivalent Warming Impact
L                 Annual Leakage (kg/year)
n                 System operating time (years)
m                Refrigerant charge (kg)
arecovery            Recovery/recycling factor  (%)
Eannual              Refrigeration energy consumption (kWh/year)
β                 Indirect CO2 emission factor (kgCO2/kWh)

1. Introduction

Approximately half of the energy consumption in supermarkets is associated with the refrigeration system [1]. 
Refrigeration system which is essential for the preservation of products has remarkable negative environmental 
impact due to greenhouse gases (GHG) emissions: indirect emissions from electricity consumption and direct 
emissions due to leakages and refrigerant type [2]. 

Total GHG emissions from food chain refrigeration in UK are 13,720 kT CO2, where the 35% are created from 
the direct emissions and 65% from indirect emissions. Retail sector is responsible for the 47% of the total emissions 
in the UK. Approximately 63% of direct emissions from the food chain result from the food retail sector, in 
particular from supermarket refrigeration systems [3].

The MTP stated that estimations showed a range of 9%-25% for refrigerant leakage in supermarkets [4]. Due to 
pressure from regulations and environmental agencies, these leakage rates have been reduced in recent years [5].

The high Global Warming Potential (GWP) of the hydrofluorocarbon (HFC) refrigerants commonly used in 
supermarkets systems, coupled with the high refrigerant leakage rates leads to significant contribution to the 
increase in global warming. The consequences of the release of massive amounts of synthetic refrigerants with high 
GWP to the environment are the main reason for the increasing interest in using natural refrigerants such as 
ammonia (NH3), hydrocarbon (HC) and carbon dioxide (CO2) which are the most prevalent in the last two decades 
[6]. 
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