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Abstract. This paper purpose is to provide recommendations after a thermal energy analysis and inspection of a 
hotel building and its related facilities, in order to increase energy efficiency saving primary resources, to ensure a 
healthy indoor climate for users, and last but not least to ensure a reduction of CO2 emissions in order to ensure an 
external environment with low pollutant emissions. All the carried out analysis has as main objective to consider a 
symbiosis between all the parameters involved (energy, indoor/outdoor environment, comfort), when a building 
(envelope and installations) is renovated, especially when excess in order to save energy tend to endanger the indoor 
climate. Non-invasive methods were used to inspect the building by using thermo-vision both for the building 
envelope and for inspection of existing installations. The building utilities bills were analyzed for a period of one 
year to highlight current energy performance. The given recommendations achieve the proposed goal and highlight 
the active role of building management, continuous monitoring of energy and utilities to assess and improve energy 
efficiency, and ultimately to minimize specific energy costs. The results of this study can be used successfully on 
a wide range of hotel buildings in Romania. 
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1. INTRODUCERE 

In buildings housing hotels, energy consump-

tion is usually very high due to various electrical 

equipment operation (including the one from the 

restaurant area), lighting and hot water consumption 

being permanent.  

That's why it is especially important to find 

solutions to diminish this consumption, the comfort 

remaining high. Lighting, equipment for air cooling, 

and heating are places where energy is consumed in 

hotels. 42% of the energy consumption of these 

buildings is for lighting, for air conditioning 32.7% 

and for hot water 8.2% [www.centraline.com/ro]. 

The highest energy consumption in a hotel is due 

to the following causes: 

1. Ventilation of the rooms; 

2. Opened windows in rooms; 

3. Room lighting; 

4. Air conditioning of the pool; 

5. Air conditioning of the conference rooms; 

6. Air conditioning in restaurants; 

7. Kitchen ventilation; 
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8. Hot water supplying; 

9. Air conditioning of the front-office taking 

(including energy waste through open doors) [1-10] 

Methods for improving energy efficiency: 

1. Reducing of fresh air supply (more efficient 

adjustment, air quality control, using of timer and 

presence sensor) 

2. Reduced volumetric flow (fan power con-

sumption)  

3. Decrease of temperature in certain areas 

(reduction of heat losses) 

4. Low consumption and independence from 

conventional fuels or fossil fuels (alternative energy 

sources)  

5. Reducing cooling system consumption (more 

efficient regulation, alternative cooling systems)  

6. Operation program (more efficient adjust-

ment, time programs, connection to other automated 

systems)  

7. Installations maintenance, regular cleaning of 

the heat exchanger and regular change of filters  

8. "Green" attitudes promoting  
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Adjustment methods for increasing the energy 
efficiency: 

1. Air quality adjusting 
2. Adjusting each part of space for guest rooms  
3. Economy at night  
4. Fan frequency adjustment  
5. Low temperature for heating systems  
6. The air curtain at the entrance to the foyer and 

other areas of the hotel where energy is lost due to 
the permanent opening of the doors  

7. Recycling of heat / cold and enthalpy  

Other elements that may contribute to reduce 
energy consumption 

1. Manual switches, which staff can use without 
problems  

2. Methods of monitoring energy consumption  
3. Integration of existing systems for total 

transparency  
4. Price negotiations with suppliers of gas / oil / 

electricity  
5. Automatic switching on more advantageous 

energy sources, as gas / oil / remote heating control  

Alternative energies that can reduce energy 
costs 

1. Solar heating / cooling installations 
2. Heat pumps  
3. Combined Heat and Power plants for base 

load  
4. Cooling by absorption  
5. "Free" energy sources such as wind and water 
The economic benefits of these possibilities 

must be analyzed individually. Not any of the 
energy-saving options is right for every hotel. Some 
procedures, such as optimizing fresh air supply, 
may be quickly damped by the hotel.[11] 

Air quality regulation and use of variable speed 
fans represent methods that could be introduced in 
hotels in order to reduce energy consumption and to 
increase energy efficiency. However, two special 
examples for hotel applications are presented below.  

• Room Control: Guest rooms account for 
approximately 70% of hotel space. Lighting, tempe-
rature and shutters, safety box, mini-bar, door 
access system are key elements of the room. 
Innovative solutions may reduce energy consumpt-
ion, increase customer satisfaction and the value 
perceived from the customer for that room. 

• Building management: Hotels are complex 
buildings with multiple parallel processes: specia-
lized customer management systems, special 
entertainment systems, HVAC management systems, 
access systems and closed-circuit television. These 
systems require a strong IP infrastructure and a 
centralized control point. The main benefits are 
reducing of investment and maintenance costs, and 
increasing visibility in all processes. This solution 

must be adapted to the size and complexity of each 
hotel.  

• Energy efficiency: Hotels are very sensitive 

to energy consumption and communicate through 
an ecological approach. Needs of HVAC, hot water, 

lighting are met in public and private areas of hotels. 

Energy efficiency solutions adapt to the hotel 
market, taking into account the importance of the 

comfort of the guests in relation to the achieved 
economy.  

Suggested solutions for the interior of the 

hotel room 

1) If a room is not occupied, it will be kept at a 
low "night" temperature, the fresh air is switched 

off, and the light and the TV are off.  
2) When the guest stays in, the room will be kept 

at a "stand by" temperature and the fresh air is set to 
the lowest level.  

3) When the guest is in the room (signaling by 
presence sensors or card key holder), the normal 

supply of fresh air is ensured, the temperature is 
kept at a comfortable level, and the light comes on 

when it darkens out.  
4) The fan speed in the bathroom increases when 

the air humidity increases or the guest manually 

starts the ventilation (automatic interruption after 
five minutes).   

5)  The room stays at the "stand by" temperature 
with minimum fresh air supply if the guest opens the 

window.  

6) The camera stays at "stand by" temperature 

and minimal supply of fresh air when the guest 

leaves the room. The light and the TV are off.  

7) The camera switches to night temperature and 

switches off the fresh air supply when the guest has 

paid the bill and left.  

Energy saving calculation shows that a simple 

timer using for room heating instead of replacing a 

simple valve of a radiator can lead to energy savings 

of up to 40%. An automated standby / presence 

system reduces costs once again by 5-10% depend-

ing on adjustments and standby time. Intelligent 

connections between space automation and the 

system of hotel reservation cut to zero waste.  

Cost savings up to 10% through simple 

methods: 

– regular boiler servicing; this could help save up 

to 10% of annual heating costs; 

– the rooms heating system well insulated; 

– pipes in basement isolated with modern 

methods, using polyurethane; 

– the domestic hot water temperature of 60° C is 

ideal: hot and comfortable water is available, hot 

enough to kill Legionella bacteria; 
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– installing spraying water valves because they 
use less hot water and energy; 

– installation of occupancy and daytime sensors 
so that the lights are used only when it is necessary; 

– regular defrosting of refrigerators; the seals on 
refrigerators and refrigerators chamber regularly 
checked; condensers and evaporators kept clean; 

– when replacing or buying refrigerators, mini-
bars, TVs, energy efficient units A ++ will be 
purchased because they have the lowest operating 
costs. 

2. THERMAL ENERGY ANALYSIS  

OF A HOTEL BUILDING 

The analyzed building housing a hotel is located 
in Romania, in the second climatic zone. It was built 
in 2006, with height regime of S+P+8, having 
154 rooms, 7 suits and 2 rooms for people with 
disabilities. 

Following the inspection of the building and the 
existing facilities, the following negative elements 
could be noted:  

1) Glazing inappropriate insulation on the lower 

side, balcony doors - glazing worn seals with heat 

loss and water infiltration (see photos taken using 

thermal imaging camera); seals replacement was 

suggested;  

2) motion detectors mounting was suggested for 

the stairwell and hallway; 

3) motion detectors installation was suggested 

for opening balcony doors; 

4) rooms equipped with superior energy class 

equipment, including TV sets, refrigerators;  

5) cleaned sewer pipes;  

6) reducing energy losses at the rotary door from 

the hotel entrance by replacing its brushes;  

7) non-economic spots in hallways and rooms 

(there are only about 60% economic lighting);  

8) suggestion to install optical batteries in 

common bathrooms; 

The building envelope was rehabilitated in 2008: 

exterior wall thickness = 58 cm; Low-e glaze, argon 

14,6; gas-formed concrete; mineral wool 10 cm; 

gypsum fiber boards.  
 

Table 1 

Data from thermal energy analysis [2-6] 

Usable area 

[m2] 
Volume [m3] 

Heated 

Volume [m3] 

Total energy for 

heating [Gcal] 

Total energy for 

ventilation [MWh] 

10450,00 26125,00 20900,00 2295,062 178,000 

 

Table 2 

Building energy rating for heating, domestic hot water, air conditioning, ventilation and lighting{2-10] 

Total energy for heating 

[kwh] 

qh [kWh / 

(m² * year)] 

Building energy 

rating for heating 

Total energy for 

domestic hot 

water [kwh] 

qdhw [kWh / 

(m² * year)] 

Building energy 

rating dhw 

2668677,26 255,38 E 508319,4 48,64 C 

 

qclim (air conditioning) 

[kWh / 

(m² * year)] 

Building energy rating for 

(air conditioning) 

Building energy rating 

for lighting 

Building energy rating for 

ventilation 

17,03349 A A A 

 

    
 

Fig. 1. Thermal bridges and energy losses in the joinery.  



ASSESSMENT METHODS THERMODYNAMICS OF COGENERATION PLANTS 

 

 

TERMOTEHNICA     1/2017  63 

 

    
 

Fig. 2. Building services analysis using the thermal imaging camera,  

uninsulated heating pipelines . 

 

    
 

Fig. 3. Outside temperature of the heating system.  

 

Building services. It is necessary to insulate the 

superheated elements located at the level of the 

human height (very high temperatures  ~ 70 ° C).  

The average temperature of the boilers side 

surfaces was determined by thermal imaging.  

In the adjacent figures there are shown some 

images in the visible and infrared spectrums of the 

boilers side surfaces. 
 

 
 

Fig. 4. Total energy consumption per category 

3. REAL THERMOENERGY BALANCE FOR 

THE HEATING BOILER 

3.1. Calculation of thermal power lost through 

the walls  

The heat loss through the walls (Qp) is calculated 

with the expression [5]:  

  (1) 

where: S [m2] is the lateral surface of the boiler: 

18.01803 mp; ε is the emissivity coefficient of the 

radiant surface material, which in the case of the 

steel sheet covering the furnace is considered to 

have the value ε = 0.80;  σ = 5.67·10-8 W/m2K is 

Stefan-Boltzmann's constant;  Tp is the temperature 

of the boiler lateral surface expressed in K;  Ta is the 

ambient temperature, expressed in K. 

The following table shows the calculated values 

of thermal losses lost through the walls.  

3.2. The thermal power lost through purging 

The thermal power lost through purging (Qpj) 

was estimated as a share of the boiler's useful 

thermal power.  
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Table 3  

The values of thermal powers lost through the walls 

Parameter 
Boiler BUDERUS 

u.m. 
1 

Lateral surface of the 

boiler 
18.01 m2 

Average wall surface 

temperature 
27 oC 

Ambient temperature 26 oC 

The thermal power lost 

through the walls 
87.95 kW 

 

 

The estimated values of purged thermal losses 

are shown in the table below.  
 

Table 4  

The values of the thermal powers lost by purging 

Parameter 
Boiler BUDERUS 

u.m. 
1 

The heat lost through 

purging 
6.485 kW 

 

 

The Sankey diagram of the thermo energy 

balance for the BUDERUS boiler for the average 

operating regime at the company level is shown in 

Fig. 5. 
 

 
 

Fig. 5 Sankey diagram of the boiler 

 

The average temperature of the lateral surfaces 

of the boilers was determined by thermal imaging. 

4. CONCLUSION 

In order to increase the energy efficiency of the 

building, replacement of neon (Ne) lamps with LED 

lamps was recommended for both outdoor and 

indoor lighting, insulation on thermal pipes or their 

thermal insulation completing was recommended, 

too. 

It is also recommended to install a solar panel 

system with associated facilities, which in the 

warmer year of the year may help the thermal plant 

to produce hot water, and in the cold period of the 

year may bring a contribution to the reducing of 

heating plant gas consumption.  

At the user level (space heating and domestic hot 

water consumption points) it is recommended to 

install batteries with photocell in the points of cold 

and hot water consumption.  

In addition to these measures, the following 

recommendations can be considered to increase the 

energy efficiency of the building: 

• Installing photovoltaic panels on the upper 

surface of the building to use renewable energy that 

can increase the energy efficiency of the building. 

• Centralized control of the lighting installation 

in the building 

Another type of lighting control considering 

room types, having different destinations and as 

consequence different operating programs can be 

achieved by implementing a Building Management 

System.  

The control and management of the lighting 

system can be achieved by means of a specialized 

calculation program which gives it efficiency and 

flexibility, allowing the measurement of the actual 

electricity consumption and the recording of the 

load curves. 

• Control of the lighting system according to the 

time of room using 

• Automatic detection systems for the presence 

of users in the room 
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