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Abstract

Traditional heating systems have for many years depended on water as the heat transfer fluid due to its availability, stability and good specific heat capacity. However, advances in heat transfer research have resulted in the development and advancement of many fluids and additives with various claims of heat transfer improvements. 

This paper provides an analysis of the energy savings from a real case study with a new heat transfer fluid called “Hydromx” used as a replacement for water. Hydromx is a Nano-based heat transfer fluid which has been developed to replace water in conventional heating and cooling systems. The results presented are based on energy data captured from the systems before and after the application of Hydromx with CUSUM analysis which is based on Degree Day weather data. 

This paper specifically investigates the performance data trends (temperature and fuel consumption) before and after the application of Hydromx. The results showed that significant savings in energy consumption and consequent CO2 emissions can be achieved by using Hydromx in the heating system.
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Nomenclature
CUSUM      Cumulative Sum Difference of Variances

 CO2            Carbon Dioxide
HDD            Heating Degree Day
KWh             Kilowatt Hour 
m2                 Square Meter 
1. Introduction
As well as switching to low-carbon energy sources, such as renewables, and expanding forests to remove greater amounts of carbon dioxide from the atmosphere, energy efficiency is also another recognized action that should be more widely adopted to reduce energy waste and deliver an effective climate change mitigation plan. At the same time the building sector is still responsible for a significant amount of energy use, for example, in Europe almost 40 % of energy consumption are responsible for 36% of greenhouse gases CO2 emissions [1]. In addition, approximately 80% of the domestic energy used is for space and domestic hot water heating [2].  Therefore, given the high ratio of the heat energy proportion, significant energy saving could be achieved with better energy efficiency solutions that deliver better heat transfer and less heat loss. This can be done through the integration of products that can enhance the heat transfer capability of systems and thus increase energy and cost savings. 
Nanofluids are a new generation of heat transfer fluids for various industrial and automotive applications because of their excellent thermal performance [3]. Recently, nanofluids have been considered as potential heat transfer fluids. The concept of nanofluids achieves overwhelming popularity in the heat transfer field due to their display of superior thermal properties [4]. 
Hydromx is a new heat transfer fluid based on Nano-thermo technology; it is stable and has demonstrated heat transfer enhancement capabilities, including transfer of heat energy in a shorter amount of time.
 The data analysis provided in this paper is related to performance data from two separate heating systems before and after the application of Hydromx as the heat transfer fluid in the heating system. The systems are currently providing the heat energy demand for two buildings, Administration and Personnel buildings of the Ministry of Energy in Turkey.
The CUSUM technique was used to analyse the data in order to assess the energy and cost savings after the application of Hydromx in the heating systems.
1.1. CUSUM and Degree Day
The CUSUM is the technical term referring to the cumulative sum of the difference between actual and predicted energy use. It uses a measure of weather called ‘degree-days’. Degree-day is a tool that can be used in the assessment and analysis of weather related energy consumption in buildings. It represents the summation of the differences between outdoor temperatures and identifies base temperature. According to the CIBSE TM41 [5] there are two main uses for degree-days which are:

 1- To estimate energy consumption and carbon dioxide emissions due to space heating and cooling for buildings.

2- For on-going energy monitoring and analysis of existing buildings based on historical data.

The CUSUM technique is a simple statistical method, which highlights small differences in energy efficiency performances. It compares ongoing energy consumption data with historical performance trend lines. The CUSUM can be plotted, making visible the overriding trends in the building's energy use so it is easy to monitor building energy performance. If energy savings are being made in a building, then the slope of the CUSUM analysis will be going downwards. However, if the slope of the CUSUM analysis is going upwards, then this is an indication there has been an increase in energy use over time [6].
The first step for applying the CUSUM analysis is collecting data which represent the actual energy consumption in a relevant site. The next step is to superimpose a line of best fit on the scattered points (performance line). The energy figures are the dependent variable or y-axis data, while the driving factor figures (degree day data) are the independent variable or x-axis data [7]. The performance line equation can be used to calculate the expected consumption for a given number of degree days.
2. General Sites Description and Energy Use
The Ministry of Energy in Turkey resides in 30 years old governmental buildings. It has two buildings serving the Administration and Personnel. The heating demand of the two buildings is served by two independent gas boilers. The two heating systems were renovated 2 years ago with the boilers and 60% of the pipe work replaced during the renovation plan.
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The Administration building is an 8,000 m2 building with two floors; the building has no external insulation. It uses gas boiler, with a thermal output between 500 kW to 2,000 kW and utilises a total amount of 12,312 litres of water. The water contained in the heating system of the Admin building was mixed with 6,771 litres of Hydromx which makes a ratio of 55%. The types of radiators used in the Administration building are cast iron. 

In contrast the personnel, building is an 11,000 m2 construction with 13 floors. The building is externally insulated. It uses a gas boiler with a thermal output between 620 kW to 2,000 kW. The personnel’s building has a total amount of 8,958 litres of water in the heating system, 4,926 litres of which are the Hydromx.
On Monday 9th February, one of the two building’s operation hours had changed to 24 hours, including weekends.  The second building had continued to be used for office hours during weekday only.
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The daily gas consumption for the sites is illustrated in Figure 1. The provided data had been monitored and acquired in two stages before and after Hydromx was applied. The energy consumption data has been supplied verified and signed off by the building owners. The first part of the data included gas consumption of the buildings between 4th December 2014 and 16th of January 2015. The second part of the data included gas consumption of the buildings after Hydromx was applied for the period between the 19th of January and 3rd of March 2015.
3. Performance Line and CUSUM
The analysis included HDD uses data from Esenboğa International Airport, close to Ankara, with a 14.5 °C base temperature. The base temperature is the outside temperature above which the heating or cooling system need not operate in order to keep comfort conditions.
The performance line of the sites is established by using the best line fit relationship between past gas     consumption and HDD as shown in Figure 2. 
The results were obtained by analysing the historical available data for the previous heating period (from October 2013 to the beginning of May 2014 and from September 2014 to the beginning of January 2014, before applying Hydromx) as a performance period to produce the performance line. The HDD for weekends is excluded from the analysis because the heating systems are shut down on weekends and therefore a correct regression analysis of consumption using HDD during week day has only been carried out.
The performance line shows how much energy the building can be used for a given number of degree days. 
Once the performance line equation is identified, then the predicted energy consumption could be calculated and this can be compared with the actual consumption to evaluate the savings.
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In order to make the energy performance visible, the accumulative sum of the difference between the actual and predicted energy use CUSUM graph was considered and illustrated in Figure 3. 
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From Figure 3, it can be seen that good savings were achieved when the heating systems for the two buildings operated with Hydromx. The total saving that was achieved by applying the Hydromx from 19th January to 3rd March was about 27%. The energy savings in the initial period after Hydromx was applied was 36%. Moreover, once the main building was switched to 24 hours 7 days a week working hours, the overall saving across the two building however was reduced to 22%. The average saving for both buildings across the comparison period 19th Jan to 3rd of March was 27%. 
4. Cost and CO2 Savings
The energy savings can be turned into cost by changing the negative sign of CUSUM value and converting m3 gas consumption to kWh multiplying by the cost of gas which is taken 0.0354 $/kWh. In addition, the saving in CO2 emissions can be evaluated by considering an emission factor of 0.185 kg CO2/kWh [8].
Figures 4 and 5 illustrate financial and CO2 savings that were achieved after introducing Hydromx in the heating systems.


5. Conclusions
This paper has described the approach that has been adopted to evaluate and analyse the historical gas consumption and weather data from a Hydromx sites trial. Verified Raw data from two independent buildings of the Ministry of Energy in Turkey have been reviewed and detailed evaluation of the data analysis methodology and findings has been carried out and is detailed in this report. Based on the provided site data before and after Hydromx was applied, it is clear that significant energy savings about 27% has been obtained following the introduction of Hydromx in the heating systems. In addition, financial and CO2 emission saving analysis has been carried out and found in the same operational profile, the total accumulated cost savings to be about $13797 and the emission reduction to be about 72000 kg CO2  for the period from  19th January to 3rd March 2015.
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  Figure1. Daily gas consumption of the Buildings
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Figure5.  CO2 saving
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   Figure3. CUSUM graph
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Figure4.  Cost saving
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