
In the name of God 

An overview of energy management course 

CH.1     Energy and the environment 

1. Units of energy 

Kilowatt-hour (kWh) :              1 kWh = 3.6 x 106 joule 

British thermal unit (Btu) :           1 Btu = 1.055 x 103 joule 

Therme :   1 therme = 1.055 x 108 joule 

Tonne of oil equivalent (toe): 1 toe = 4.5 x 10 01 joule 

Barrel :    1 barrel = 6 x 109 joule 

Calorie :   1 calorie = 4.2 x 103 joule 

 

2. The laws of thermodynamics 

 

3. Energy consumption and GDP 

The ratio of energy used to GDP is known as the energy intensity of an economy. 

 

4. Global warming 

 



 

 

 

CH.2     Utility companies and energy supply 

1. Primary energy and Delivered energy   

Primary energy : like Natural gas 

Delivered energy  : like Electricity 

 

CH.3     Competition in energy supply 

 



1. Load management of electricity 

 

 

CH.4     Energy analysis techniques 

1. Annual energy consumption 

(i) Convert all the energy consumption data into standard units (usually the kWh)  

 

 
 

 



 

(ii) Produce percentage breakdowns of the total consumption and cost of each energy type, and 

determine the average unit cost per kWh for each. 

(iii) Compile a table similar to the example shown in Table 4.3 showing the total annual energy 

consumption, cost and percentage breakdown of each fuel type. 

Like: 

 
(iv) Produce pie charts similar to those shown in Figure 4.1 to show graphically the energy and cost 

contributions of each energy type. 

Like: 

 

 
(v) Where historical energy data are available, comparisons should be made in order to identify any 

trends, as illustrated in Table 4.4. 

Like: 

 



2. Normalized performance indicator (NPI) 

Good: Generally good controls and energy management procedures although further energy savings 

are often possible. 

Fair: Reasonable controls and energy management procedures, but significant energy savings should 

be achievable. 

Poor: Energy consumption is unnecessarily high and urgent action should be taken to remedy the 

situation.  

 



 CIBSE method 

 Heating degree days 

Nowadays, however, degree days are generally used to predict heating energy consumption in 

buildings. 

Base outside air temperature:          above this do not require any heating. 

 In the UK this base temperature is generally taken to be 15.5  c. 

For example, if an outside                    01                        0              degree days will 

be accumulated. 

 

 
 

 Cooling degree days 

 

Example 4.1 

A library building is situated in an urban location, which experiences 2115 heating degree days per year. 

It is in use for 2400 hours per year, and consumes 940 000 kWh of natural gas and 28 000 kWh of 

electricity. If the floor area of the school is 4800 m2, calculate its NPI and assess its energy performance. 

Solution: 

Electrical energy used = 28 000 kWh 

Gas used = 940 000 kWh 

Total energy consumed = 28 000 + 940 000 = 968 000 kWh 

Table 4.5 shows that 70% of the gas used can be attributed directly to space heating. 



 

 

In the UK the standard annual number heating degree days is considered to be 2462. This value will 

vary with the particular country or region under consideration. 

 Exposure coefficients are as follows: 

 

 

 



 

 

 

3. Time-dependent energy analysis 

 

 

4. Linear regression analysis 

 

 Single independent variable 

This linear equation can be used to predict future energy consumption. 

 

 



The generic equation for a straight-line graph can be represented as: 

y = c + mx  

Where y is the dependent variable (e.g. energy consumption), x is the independent variable (e.g. 

number of degree days), c is the value at which the straight-line curve intersects the 'y' axis, andm is the 

gradient of the straight-line curve. 

If the straight line y = c + mx is best fitted to a set of data sample points; 

 

 

 



  

a best-fit straight line 

 

Figure 4.4 shows that even when zero degree days are experienced in a particular month, the building 

still consumes 336.7 GJ of gas. 

Pearson correlation coefficient which gives an indication of the reliability of the line drawn 

 

 The Pearson correlation coefficient is a value between 1 and 0, with a value of 1 representing 100% 

correlation. 



 

 

 

 

 

It can be seen from Table 4.8 that the correlation coefficient in Example 4.3 is very good. 

 

 

 



CH.5   Energy audits and survey 

1. Types of energy audit 

 Preliminary 

 targeted 

 comprehensive 

 Preliminary energy audits: 

1. Collecting data 

2. Analysing data 

3. Presenting data 

4. Establishing priorities and making recommendations. 

 

Solution 

The annual energy consumption and energy cost breakdowns are shown in Figure 5.3. It can be seen 

from the pie charts that although approximately 46% of the energy consumed is natural gas, it only 

accounts for 16% of the energy costs. 

 



 

From Table 4.5 it can be seen that 75% of the gas consumed can be attributed directly to space heating. 

Therefore: 

 

 Because the calculated NPI of 431.21 kWh/m2 is above the upper limit of the 'fair' range 

(i.e. 410 kWh/m2 in Table 5.2), for an air conditioned office building, it can be assumed 

that the energy performance of the office building is poor. 

 Monthly gas consumption (kWh) = 31 521.75 + (220.788 x Degree days) 

 This equation shows that the monthly gas base-load consumption is 31 521.75 kWh. 



 Comprehensive energy audits 

Comprehensive audits require detailed energy surveys to be undertaken, and they often 

require the installation of additional sub metering in order to determine accurately        

component energy flows. 

            

 


