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Final report 
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Project managing compa-
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dress)  

Center for Indeklima og Energi, DTU.BYG 
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Bjarne W. Olesen 

Project partners 

 

Danmarks Tekniske Universitet  

Aalborg Universitet 

 

CVR (central business register) 30 06 09 46 

Date for submission 01/08/2016 

 

 

1.2 Short description of project objective and results  

 

English:  

 

This project, Annex 59 - High Temperature Cooling and Low Temperature Heating 

in Buildings, was a part of International Energy Agency (IEA)’s Energy in Buildings 

and Communities Programme (EBC). 

 

The project developed a novel method to analyze HVAC (heating, ventilating and 

air-conditioning) systems in buildings in order to minimize temperature differences 

within systems and within indoor terminal units and the indoors. High temperature 

cooling and low temperature heating systems (e.g. water-based radiant heating 

and cooling systems) have been identified as the optimal heating and cooling sys-

tems to achieve superior energy- and resource-efficiency, and environmental 

friendliness. 

 

The results of the project and the developed design and analysis methods are bene-

ficial for HVAC system designers, consulting engineers, researchers, and manufac-

turers of heating and cooling equipment. 

 



 

 2 

Danish:  

 

Nærværende projekt, Annex 59 – Høj temperatur køling og lav temperatur op-

varmning i bygninger, var en del af International Energy Agency (IEA)’s Energy in 

Buildings and Communities Programme (EBC). 

 

Via projektet er der fundet en ny metode til at analysere HVAC systemer (opvarm-

ning, ventilation og air-conditioning) i bygninger medhenblik på at minimere tem-

peraturforskellen i mellem systemerne og mellem indvendige terminal systemer og 

indendørs. Høj temperatur køling og lav temperatur opvarmningssystemer (f.eks. 

vandbaseret strålings varme og kølesystemer) anses for at være de mest optimale 

varme og kølesystemer for, at opnå en større energi og ressource effektivitet, samt 

mest miljøvenligt.  

 

Resultater opnået ved projektet, det udviklede design samt analysemetoder er 

brugbare for HVAC system designere, rådgivende ingeniører, forskere samt produ-

center af opvarmning og kølesystemer.  

 

 

1.3 Executive summary 
 

The main purpose of buildings and HVAC systems is to maintain a comfortable and 

healthy indoor environment, including required levels of temperature, humidity and 

indoor air quality. Theoretically, any heating source with a higher temperature than 

the indoor environment can supply heat in winter and vice versa for cooling sources 

in summer. Since the temperature of heating sources and cooling sources influ-

ences HVAC system energy use directly, high temperature cooling and low temper-

ature heating systems have the potential of increasing energy efficiency and, 

hence, increasing energy savings. The concept of reducing the temperature differ-

ence between heating/cooling sources and the indoor environment typically in-

volves increasing the dimensions of heat exchange surfaces. Independent control of 

temperature and humidity is another important aspect of high temperature cooling 

and low temperature heating approach. 

 

Previous EBC projects, such as Annex 37 (Low Exergy Systems for Heating and 

Cooling of Buildings) and Annex 49 (Low Exergy Systems for High Performance 

Buildings and Communities), dealt with the HVAC system from the aspect of sec-

ond-law efficiency. According to their results, to raise the exergy efficiency of an 

HVAC system, the temperature difference between the output of the heat-

ing/cooling plant and the conditioned indoor temperature should be reduced. How-

ever, how could we reduce this temperature difference? 

 

This project focuses on the loss of temperature difference throughout the whole 

HVAC system. As shown in Fig. 1, in a typical summer condition, the temperature 

difference between indoor temperature and outdoor wet bulb temperature is only 2 

K, however, the temperature difference between condenser and evaporator of 

chiller is 32 K. The temperature difference is mainly consumed during the heat 

transportation process from the cooling/heating sources to the indoor space, and 
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from the condenser to the outdoor environment. In a conventional HVAC system as 

shown in Fig. 1, air is dehumidified by condensation during cooling the air, which 

requires the cooling source’s temperature to be lower than the indoor dew point 

temperature, much lower than what is theoretically required for the indoor space 

cooling load. The coupled process of cooling and dehumidifying will result in the loss 

of temperature difference in an HVAC system. In addition, temperature difference 

loss exists inside the conditioned indoor space, due to the contradiction of the uni-

fied temperature of supplied air and various grades of heat and moisture source in 

buildings. 
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(a)     (b) 

Fig. 1. Temperature difference consumed by heat exchange and transmission in a typical 

HVAC system: (a) schematic diagram, (b) temperature difference of each sub-process. 

 

The losses in temperature difference can be classified into three types: by heat ex-

change (moisture included), by heat transmission through air/water circulation, and 

by indoor terminals that emit or remove heat to or from the conditioned indoor 

space. The handling process of HVAC system, as well as indoor terminals, is the key 

factor for reducing temperature difference and achieving high temperature cooling 

and low temperature heating. In this project, indoor terminals refer to devices re-

leasing heat/cold to the conditioned spaces in particular. Different choices and ar-

rangements of indoor terminals will result in different requirements of heating 

source and cooling source given the same need of thermal indoor environment. 

Reducing heat exchange temperature difference and removing unnecessary heat 

exchange is the main approach of high temperature cooling and low temperature 

heating, which can be realized by proper indoor terminals integrated in HVAC sys-

tems. Lower temperature of heating sources and higher temperature of cooling 

sources benefit heat supply system and refrigeration system respectively, and ex-

pand feasibility of using natural heating and cooling sources.  

 

According to exergy analysis, any mixture of cold fluid and hot fluid will cause mix-

ture loss and additional energy use. In large space buildings (e.g. railway stations, 

airports, etc.), cold air supplied by jet ventilation is used to remove the entire extra 

heat of the building, despite there exist rather different grades of heat. Fig. 2 

shows an HVAC system for a large space building aiming to avoid mixture loss by 

controlling the stratification of air and application of radiant floor. The supply/return 

water from chiller is 5°C/14°C, and supply/return water from radiant floor is 
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13°C/19°C. Same cooling source is introduced into air handling unit and radiant 

floor, which shows an energy saving potential if a high temperature chiller is used. 

 

 

  

(a)             (b) 

Fig. 2. HVAC system for a large space building: (a) design concept, (b) control concept. 

 

 

Energy offset of cooling and heating, dehumidifying and humidifying by coupled 

process of sensible load and moisture load, results in significant energy waste. One 

example is that in areas with a dry climate, the outdoor air is already dry enough 

so the dehumidification of fresh air is not necessary. Separated processing of sensi-

ble load and latent load (moisture), named temperature and humidity independent 

control (THIC) system, can avoid such energy offset. In addition, taking condensing 

dehumidification with re-heater as an example, when the same supply air with ra-

ther lower temperature is introduced into many different rooms, the airflow modu-

lation could hardly maintain the required indoor condition, hence reheat has to be 

introduced to meet the temperature requirements of the rooms rather than control 

indoor humidity. In high temperature cooling and low temperature heating systems, 

as an additional benefit of the required high flow rate of indoor terminal devices, 

the possibility of the temperature difference among rooms will decrease. The wide-

spread use of HVAC systems based on low temperature heating and high tempera-

ture cooling allows greater potential of exploitation solar energy and development 

of relevant technologies, which will contribute to implementing the EU 20-20-20 

policy. 

 

Based on the current situation of HVAC systems, this project developed a novel 

analysis method in order to minimize the temperature differences in heating, cool-

ing and ventilation systems in buildings. The findings of this project and the devel-

oped design and analysis methods are beneficial for HVAC system designers, con-

sulting engineers, researchers, and manufacturers of heating and cooling equip-

ment. 
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1.4 Project objectives 

 

A thorough comprehension of HVAC systems from the perspective of reducing mix-

ture loss and transfer loss is desired. Based on the profound understanding of HVAC 

system, the concepts of avoiding energy offset of cooling and heating, humidifying 

and dehumidifying, mixture of cold fluid and hot fluid, and transfer loss due to un-

necessary or inappropriate heat exchanges were the principles. Therefore, the pro-

ject was organized following the idea of reducing mixture loss and transfer loss, and 

the subtasks were arranged in response to the current insufficiency or inadequate-

ness of HVAC systems.  

 

The main objectives of the project can be summarized as following:   

 

 Establish a methodology for analysing HVAC systems from the perspective of 

reducing mixing and transfer losses, 

 Propose novel designs for indoor terminal units and novel flow paths for out-

door air handling equipment, and 

 Develop high temperature cooling and low temperature heating systems in 

buildings with fully utilized heat and cold sources, high efficiency transporta-

tion and appropriate indoor terminal units. 

 

The ultimate goal of the project was to build up the concept of surveying HVAC sys-

tems from the perspective of reducing mixture loss and transfer loss then apply it 

in analysis of actual energy saving technologies. 

 

In order to reach this goal, an international collaboration on different issues was 

needed: a deep and comprehensive investigation to evaluate current situation, 

summarize the appropriate and inappropriate design of HVAC systems, unify and 

clarify the research methodology, discuss the basic settings and methodology of 

simulation and testing, research on key parameters of radiant terminals, study en-

ergy saving potential and limitation of radiant terminals combined with fresh air 

system, and research on HVAC indoor terminals for large space buildings including 

radiant floor and supply air terminals. 

 

It is clear that the basis for a meaningful and profitable research on indoor envi-

ronment control is a thorough understanding of building thermal environment sys-

tem. To reduce mixture and transfer loss, and, therefore, to minimize ΔT in HVAC 

systems, the four subtasks in the project were arranged accordingly as shown in 

Fig. 3, including principles and methodology, indoor environment and terminal de-

vices, outdoor air handling processes and total system analysis.  

 

In methodology, the basic concepts and definitions as well as research and investi-

gation methods were unified and clarified. Based on low temperature heating and 

high temperature cooling approach, the appropriate and inappropriate design of 

HVAC systems were investigated and summarized. A deep and comprehensive in-

vestigation was needed to evaluate the current situation. 
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One of the most important characteristics of indoor built environment is to remove 

heat and moisture from indoor to outdoor. When driving force ΔT (temperature dif-

ference) is not sufficient, a heat pump is necessary in the system to supply extra 

ΔT. Effective use of ΔT, such as a matching flow rate, is closely related to system 

energy efficiency. The following subtasks are important demonstrations and appli-

cations of the proposed methodology. Radiant terminals, including radiant floor, 

radiant ceiling etc. can reduce heat exchange segments between indoor environ-

ment and heating/ cooling sources, which are promising solutions for low tempera-

ture heating and high temperature cooling. Research on key parameters of radiant 

terminals and the potential of combining radiant terminals with convective termi-

nals devices was an important part of this project. Dynamic behavior of radiant 

floor cooling systems under direct solar radiation was also investigated. Dehumidifi-

cation methods in both dry and humid outdoor climate, including desiccant dehu-

midification, condensation dehumidification, and dual-temperature system were 

also researched and optimization suggestions were identified. 

 

Loss by heat exchange and 
moisture exchange

Loss by heat transmission 
through fluid media

Mixing loss by indoor 
terminals

Problems:

Loss by mixed treatment of 
heat and humidity

Minimizing ΔT in HVAC Systems for HTC&LTH in Buildings

Subtask A: Principles and Methodology

→ Quantify the loss in HVAC system

Subtask B:

Indoor Temp./  humidity 

field and Terminal

→ The key of HTC&LTH

Subtask C:

Outdoor air handling

→ Independent dehumidification

Subtask D:

Total system analysis

→ Loss analysis of HVAC system

 

 

Fig. 3. Organization of subtasks. 

 

 

1.5 Project results and dissemination of results 

 

The project was organized so that there were four different subtasks. Each subtask 

produced a report, in addition to a summary report and a report based on exempla-

ry case studies.  

 

The following list summarizes the deliverables from each subtask: 

 

Subtask A report: “Guide book of new analysis method for HVAC system”. Cur-

rent air-conditioning systems in different countries are summarized from the per-
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spective of temperature difference. Entransy dissipation is proposed to investigate 

the transfer characteristics of air-conditioning system as well as equivalent thermal 

resistance. The novel analysis method is put forward for theoretical research.  

 

Subtask B report: “Demand and novel design of indoor terminals in high tem-

perature cooling and low temperature heating system”. Terminal handling process 

is investigated from the perspective of removing indoor heat and moisture. Objec-

tives for terminals are then proposed with the help of entransy dissipation analysis 

and T-Q diagrams. Radiant terminal is also investigated, which is treated as an ap-

propriate approach to achieve high temperature cooling and low temperature heat-

ing. 

 

Subtask C report: “Novel flow paths of outdoor air handling equipment”. Air 

handling processes for heat recovery and dehumidification are both investigated. 

Entransy dissipation and unmatched coefficient are utilized to investigate the cou-

pled heat and mass transfer processes between air and liquid desiccant or solid 

desiccant. Novel process for handling humid air is also proposed.  

 

Subtask D report: “Design guide for high temperature cooling and low temper-

ature heating systems”. Influences of temperature level on energy performances of 

heating/cooling sources are investigated. A demonstration building is chosen to 

compare the performances of conventional system and high temperature cooling 

and low temperature heating systems. Approaches to set up high temperature cool-

ing and low temperature heating systems are proposed. Operating performances as 

well as energy use of high temperature cooling and low temperature heating sys-

tems in different buildings are investigated. 

 

The final reports will be available at the project homepage, once the final reports 

are approved by the executive committee (ExCo) of IEA EBC.  

 

During the project, there have been several dissemination activities and the project 

group has been very active in promoting the project and its results. There have 

been several presentations, workshops and special technical sessions in scientific 

conferences, and invited talks. Numerous conference papers and articles in scien-

tific journals have been published. Examples of these activities are given in Appen-

dix A and a full list of publications by the project participants can be found in Ap-

pendix B. 

 

 

1.6 Utilization of project results 

 

This project studied the currently existing heating, cooling and ventilation systems 

and provided improvement suggestions. 

 

The core task of establishing a suitable indoor temperature and humidity environ-

ment is to remove the extra heat and moisture from the indoor to outdoor. This 

process is regarded as a complex system consisting of passive building envelopes 

and active air-conditioning systems. In this process, the indoor cooling/humidity 

http://www.iea-ebc.org/projects/ongoing-projects/ebc-annex-59/


 

 8 

load can be removed from the indoor environment to the outdoor environment pas-

sively through building envelopes, including heat transfer and infiltration. The driv-

ing force of the heat transfer through the building envelope is the temperature dif-

ference, which is determined by the indoor and outdoor conditions. When the tem-

perature of the outdoor condition is not low enough, power input is required to pro-

vide a temperature difference between the indoor and outdoor environments for 

removing heat or moisture in the HVAC system.  

 

The large temperature difference of actual air-conditioning system is restricted by 

the integrated processes for handling sensible load and moisture, by the perfor-

mance of actual chillers, and by the energy use of fans and pumps and the input 

heat or mass transfer capacity. Energy efficiencies of the heating/cooling sources 

are related to the operating temperature levels. By reducing the temperature dif-

ferences existing in the various transfer processes, high temperature cooling or low 

temperature heating system could be realized accordingly, which provides superior-

ity to improve energy performances of cooling/heating sources.  

 

The basic concepts and definitions as well as research and investigation methods 

should be unified and clarified. Entransy is a thermal parameter to analyze the heat 

transfer process. Through the entransy dissipation and the equivalent thermal re-

sistance, the characteristic of the heat transfer process could be depicted effective-

ly. Reducing the entransy dissipation helps decreasing the driving temperature dif-

ference of passive systems such as building envelopes with a fixed load.  

 

A sub-group within the project focused on the indoor temperature and humidity 

fields and indoor terminal units. Indoor terminal units are active building compo-

nents that emit or remove heat and/or moisture to indoor spaces. These indoor 

terminals mainly rely on convection (natural or forced), radiation or both. Before 

the characteristics of the terminal units are studied, the indoor heat and moisture 

sources should be clearly identified. Current literature and data were used to gather 

information about indoor heat and moisture sources, and also about the indoor 

terminal units. Case studies and the novel system applications were gathered with 

the help of project participants. In addition to the energy performance analyses of 

these systems, entransy analyses were used to evaluate the chosen terminal units 

and heating, ventilation and air-conditioning (HVAC) systems in order to identify 

the possibilities of improving the existing terminal units and systems.  

 

According to the entransy dissipation analysis, there are two aspects to be consid-

ered in removing indoor heat. The first is to reduce the heat removed by the termi-

nal units (for example to reduce the heat transfer through building envelope in 

summer), and the second is to increase the required temperature of cooling source 

for cooling (lower the heating source’s temperature for heating). Thus, the high 

temperature cooling and low temperature heating system is an efficient approach to 

achieve an optimized terminal process with lower entransy dissipation. Radiant 

heating and cooling system is regarded as an important approach to set up a high 

temperature cooling and low temperature heating system. Characteristics of radiant 

terminals were investigated including their variant dynamic behaviors under the 

impact of intermittent operation and transient solar radiation. The detailed analysis 
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on dynamic performance and cooling capacity prediction of radiant terminal, aiming 

to clarify the radiant terminal’s characteristics, provides guidance for practical ap-

plications.  

 

The original intention of supplying outdoor air is to meet the occupants’ health re-

quirement. Due to different conditions of indoor air, outdoor air may increase cool-

ing/heating and dehumidifying/humidifying load. Outdoor air handling process or air 

humidity handling process is a key issue in achieving high temperature cooling and 

low temperature heating in buildings. How to choose the appropriate approaches 

for humid air handling process, how to evaluate the energy performances of air 

handling processors and how to improve the processors’ performances were stud-

ied. To evaluate the energy performance of different air handling processes, Coeffi-

cient of Performance (COP) was chosen as the index for comparison, which is de-

fined as the obtained heat/cooling capacity divided by the input power. For exam-

ple, it is the fan power for a plate enthalpy exchanger while the consumption in-

clude the compressor’s power for a heat pump driven liquid desiccant air handling 

processor. The suitability is investigated for heat recovery device in typical cities 

based on the COP. For different humid air handling approaches, performance im-

proving solutions were analyzed. To improve the energy performance of the air 

handling process using solid or liquid desiccant, it is recommended during the air 

handling process to proceed along the iso-concentration line (or iso-relative humidi-

ty line) rather than the isenthalpic line. Constructing a multi-stage process for the 

humid air handling process is a feasible approach to increase the required cooling 

source temperature (for condensation dehumidification method) or lower the re-

quired regeneration heating source temperature (for desiccant dehumidification 

method). 

 

The mission of an air-conditioning system is to remove heat or moisture from in-

door sources to an appropriate outdoor sink. It is composed of indoor terminal, 

heat transfer process, coupled heat and mass transfer processes, etc. Entransy 

analysis helps to cast light on the essence of the air-conditioning system. Entransy 

is an appropriate theoretical tool to identify the dissipation process and optimize the 

heat transfer processes in the air-conditioning system. Energy efficiency of the 

heating/cooling sources is also related to the operating temperature levels. By re-

ducing the temperature differences in the various transfer processes, a high tem-

perature cooling or low temperature heating system could be realized, which im-

proves the energy performance of cooling/heating sources. The theoretical tools 

based on entransy analysis were applied in real buildings for performance optimiza-

tion. Applications of entransy analysis in data centers with high-density sensible 

load, office buildings and large space buildings were selected as case studies. Re-

ducing the entransy dissipation in transfer processes helps to achieve high temper-

ature cooling and low temperature heating of the air-conditioning system, which is 

beneficial for improving the energy efficiency. These case studies are beneficial for 

researchers, designers, consulting engineers and equipment manufacturers to have 

a full understanding on this Annex project. These analyses also help to understand 

the essence of indoor thermal built environment.  
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The results of the project will strengthen the expertise, which is already available, 

of the participating partners in the global field of heating, cooling, and ventilation 

research. The publications of the results will also help to sustain the position of 

leading the research within this field.  

 

The results of the project can have global implications if adopted by the HVAC sys-

tem designers, consulting engineers, and policy makers. The results of the project 

clearly show the way to follow regarding the heating, cooling, and ventilation sys-

tem design in different building types and in different climates. The low tempera-

ture heating and high temperature cooling approach results in significant energy 

savings compared to conventional heating and cooling systems used today, and this 

approach also enables the integration of renewable energy resources into building 

heating and cooling systems. This is a crucial aspect since it would allow replacing 

the fossil fuels often used in building heating and cooling systems.  

 

The transition from conventional heating and cooling systems to novel heating and 

cooling systems will have remarkable effects on the national and international en-

ergy flows, energy infrastructure, and on greenhouse gas emissions. Further stud-

ies are required to quantify the energy and greenhouse gas emission savings po-

tentials on a larger scale. 

 

The project was a part of a PhD project with the title “Low temperature heating and 

high temperature cooling in buildings” by Ongun Berk Kazanci at the International 

Centre for Indoor Environment and Energy, Department of Civil Engineering, Tech-

nical University of Denmark. He was actively involved in the project and worked 

particularly in Subtask B of the project. Some of his results from the PhD project 

were included in Annex 59. He has written articles based on his results and pre-

sented his findings in several international scientific conferences. His PhD thesis will 

be publicly available after September 2016. 

 

 

1.7 Project conclusion and perspective 

 

During the project, the state-of-the-art of heating and cooling systems in each par-

ticipant country was summarized. Further analyses on different heating and cooling 

systems were done so that the improvement possibilities based on the current sta-

tus can be identified. 

 

The international participation in the project enabled to have a global view of the 

current situation in building heating and cooling systems in different countries. This 

also enabled to study the proposed novel systems in a broad range of climatic con-

ditions, which makes the results of the project widely applicable. 

 

The results of the project identified the low temperature heating and high tempera-

ture cooling approach as the optimal approach for heating and cooling buildings. In 

these systems, the heat transfer medium (usually water) has temperatures that are 

close to room temperatures. Water-based radiant heating and cooling systems 
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(floor, wall or ceiling heating and cooling) are the most well-known example of low 

temperature heating and high temperature cooling systems. 

 

Radiant systems have several benefits over conventional heating and cooling sys-

tems, in terms of energy efficiency (lower required peak heating or cooling plant 

capacities, higher performance of boilers, heat pumps, chillers and so forth), 

providing optimal thermal comfort for the occupants (uniform temperature distribu-

tion in spaces, avoiding noise and draught from air-based systems and so forth), 

and possibility of integrating renewable energy resources (ground, lake or sea-

water, nocturnal radiative cooling and so forth) into building heating and cooling 

systems. 

 

One particular application and interest for applying radiant floor cooling systems 

has been identified in the project as in spaces with large glazing façades (railway 

stations, airports, atria, etc.). In spaces with large glazing façades, there is usually 

direct solar radiation on the floor and the cooling capacity of radiant floor cooling 

systems increases considerably when there is direct solar radiation on the floor sur-

face. The floor cooling systems provide cooling immediately (as soon as the solar 

radiation hits the floor surface), before the air in the space heats up. In contrast to 

the most common way of cooling these type of spaces (cold air supply with jet ven-

tilation), using radiant floor cooling systems lowers the requirements for airflow 

rates (main cooling effect by the floor cooling system, and benefiting from the nat-

ural thermal stratification of the air by providing conditioned outdoor air to the oc-

cupied zones of the indoor space) results in considerable energy savings of up to 30 

to 35%. 

 

Separate treatment and control of sensible and latent loads (temperature and hu-

midity independent control, THIC) was identified as another key approach to 

achieve energy efficiency and considerable energy savings. In this approach, radi-

ant heating and cooling systems play a crucial role: the radiant heating and cooling 

system provides the major part of the sensible heating and cooling and the air han-

dling unit or a dedicated outdoor air system (DOAS) provides the required amount 

of conditioned fresh air. This approach enables down-sizing the chillers or heat 

pumps that serve air handling units, and enable to use the high temperature cool-

ing approach. 

 

In general, building heating and cooling systems consist of three main parts: gen-

eration (heating and cooling plant), distribution, and heat emission or removal (in-

door terminal units). It is crucial to consider all three parts of a system together 

and to optimize the performance of the whole system. The choice of indoor terminal 

unit is a critical process since the choice of indoor terminal unit directly affects the 

indoor conditions (thermal and acoustic) and the energy performance of the whole 

system, together with the possible heating and cooling sources that can be used. 

 

Annex 59 project presented a new perspective and a new concept to analyze the 

HVAC system in buildings. The project followed the idea of reducing mixture loss 

and transfer loss, and the subtasks were arranged in response to the current insuf-

ficiency or inadequateness of HVAC systems. In the project, the methodology of 
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entransy assessment in HVAC systems, which was one of the main items within 

Annex 59 activities, was described and applied. This represents a significant step 

towards a more extensive application of this method for HVAC systems. Further 

applications of this assessment method (e.g. storage, control, cascading concepts) 

will help identifying optimum and suitable uses of the analyzed technologies, and 

represents a promising field where further research is needed. The research is ben-

eficial to set up a high temperature cooling and low temperature heating system for 

buildings, leading to lower primary energy consumption and greenhouse gas emis-

sions in a global scale. 
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Appendix A – Project participants and activities 

 

Project homepage: http://www.iea-ebc.org/projects/ongoing-projects/ebc-annex-

59/ and http://www.annex59.com/  

 

Operating Agent: Yi Jiang 

Professor, Dean of Building Energy Research Center, Tsinghua University 

 

Subtask Leaders: 

Subtask A: Yi Jiang (Tsinghua University), Stefano Paolo Corgnati (Politecnico di 

Torino) 

Subtask B: Bjarne W. Olesen (Technical University of Denmark) 

Subtask C: Masaya Okumiya (Nagoya University), Xiaohua Liu (Tsinghua Universi-

ty) 

Subtask D: Vincent Lemort (University of Liège), Marco Perino (Politecnico di Tori-

no) 

 

Annex 59 participants 
 

Name Affiliation Country E-mail 

Jean Lebrun University of Liège Belgium j.lebrun@ulg.ac.be 

Vincent Lemort University of Liège Belgium vincent.lemort@ulg.ac.be 

Philippe André University of Liège Belgium p.andre@ulg.ac.be 

Roberto Ruiz University of Liege Belgium r.ruiz@ulg.ac.be 

François Randaxhe University of Liege Belgium f.randaxhe@ulg.ac.be 

Youness Ajaji University of Liege Belgium youness.ajaji@ulg.ac.be 

Yi Jiang Tsinghua University China jiangyi@tsinghua.edu.cn 

Xiaohua Liu Tsinghua University China lxh@tsinghua.edu.cn 

Tao Zhang Tsinghua University China zt2015@tsinghua.edu.cn 

Haida Tang Tsinghua University China tanghd09@163.com 

Lun Zhang Southeast University China zhanglun@seu.edu.cn 

Min Zhou 
Northwest Architecture 

Design Institute 
China zhoumin1963@163.com 

Zhaohong Fang 
Shandong Jianzhu 

University 
China 13606408831@163.com 

Per Heiselberg Aalborg University Denmark ph@civil.aau.dk 

Jerome Le Dreau Aalborg University Denmark jld@civil.aau.dk 

Michal Pomianowski Aalborg University Denmark map@civil.aau.dk 

Bjarne W. Olesen 
Technical University of 

Denmark 
Denmark bwo@byg.dtu.dk 

Ongun Berk Kazanci 
Technical University of 

Denmark 
Denmark onka@byg.dtu.dk 

Stefano Paolo Cor-
gnati 

Politecnico di Torino Italy stefano.corgnati@polito.it 

Marco Filippi Politecnico di Torino Italy marco.filippi@polito.it 

Marco Perino Politecnico di Torino Italy marco.perino@polito.it 

Enrico Fabrizio 
University of Torino, 

Dept. DISAFA 
Italy enrico.fabrizio@unito.it 

Kwang Woo Kim 
Seoul National Univer-

sity 
Korea snukkw@snu.ac.kr 

Masaya Okumiya Nagoya University Japan 
okumiya@davinci.nuac.nagoya-

u.ac.jp 
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Activities 

Since 2012, 8 workshops have been held for Annex 59, twice a year. Open fo-

rums have also been held during several international conferences, such as ISHVAC 

(2013), ASHRAE Annual Conference (2014), IBPC (2015), CLIMA 2016 (2016). 

 Date  Place 

1st workshop Apr. 30th - May 1st, 2012 Aalborg University, Aalborg, Denmark 

2nd workshop Nov. 1st - Nov. 2nd, 2012 Zhuhai, China 

3rd workshop Apr. 17th - Apr. 18th, 2013 University of Liège, Liège, Belgium 

4th workshop Oct. 16th - Oct. 17th, 2013 Tsinghua University, Beijing, China 

5th workshop Apr. 14th - Apr. 15th, 2014 Politecnico di Torino, Torino, Italy 

6th workshop Oct. 13th - Oct. 14th, 2014 Nagoya University, Nagoya, Japan 

7th workshop Jul. 18th - Jul. 19th, 2015 Politecnico di Torino, Torino, Italy 

8th workshop Oct. 26th - Oct. 27th, 2015 Tsinghua University, Beijing, China 

 

 

Fig. A-1. Group photo of the second expert meeting in Zhuhai, China. 

 

Fig. A-2. Group photo of the third expert meeting in Liège, Belgium. 
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4th workshop in Beijing, China 5th workshop in Torino, Italy 

  

6th workshop in Nagoya, Japan 7th workshop in Torino, Italy 

 

Fig. A-3. Group photos selected. 
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Appendix B – Annex 59 related publications 

 

The following is a list of scientific publications by the participants of Annex 59. The 

publications from the Danish researchers are underlined. 

 

Subtask A 

 

[1]  Lun Zhang, Xiaohua Liu, Kang Zhao, Yi Jiang. Entransy analysis and 

application of a novel indoor cooling system in a large space building. Interna-

tional Journal of Heat and Mass Transfer. 2015, 85: 228-238. 

[2]  Tao Zhang, Xiaohua Liu, Zhen Li, Jingjing Jiang, Zhen Tong, Yi Jiang. 

On site measurement and performance optimization of the air-conditioning sys-

tem for a datacenter in Beijing. Energy and Buildings. 2014,71: 104-114 

[3]  Lun Zhang, Xiaohua Liu, Yi Jiang. Application of entransy in match 

property of liquid desiccant dehumidification. Proceedings of the 15th Interna-

tional Heat Transfer Conference. August 10-15, 2014, Kyoto, Japan. 

[4]  Lun Zhang, Xiaohua Liu, Yi Jiang. Application of entransy in the analy-

sis of HVAC systems in buildings. Energy. 2013, 53: 332-342.  

[5]  Tao Zhang, Xiaohua Liu, Yi Jiang. Match properties of heat transfer 

and coupled heat and mass transfer processes in air-conditioning system. En-

ergy Conversion and Management. 2012, 59: 103-113. 

[6]  Capozzoli Alfonso, Corgnati Stefano, Fabrizio Enrico, Monetti Valentina, 

Perino Marco, Serale Gianluca. Sistemi impiantistici ad alta efficienza energetica 

operanti con basse differenze di temperatura: abaco delle soluzioni, metodi di 

dimensionamento e nuove tecnologie (IEA – EBC Annex 59), Report 

RdS/PAR2013/110, ENEA, September 2014. 

 

Subtask B 

 

[1]  Kang Zhao, Xiaohua Liu, Yi Jiang. Cooling capacity prediction of radiant 

floors in large spaces of an airport. Solar Energy. 2015, 113: 221-235. 

[2]  Kang Zhao, Xiaohua Liu, Yi Jiang. Dynamic performance of water-

based radiant floors during start-up and high-intensity solar radiation. Solar 

Energy. 2014,101:232-244. 

[3]  Kang Zhao, Xiaohua Liu, Yi Jiang. On-site measured performance of a 

radiant floor cooling/heating system in Xi’an Xianyang International Airport. So-

lar Energy. 2014, 108: 274-286. 

[4]  Mingyang Wu, Xiaohua Liu, Kang Zhao, Lun Zhang. Testing and com-

parative analysis on indoor thermal environments in the large space of airport. 

The 13th International Conference on Indoor Air Quality and Climate, July, 

2014, Hong Kong. 

[5]  Tao Zhang, Xiaohua Liu, Lun Zhang, Jingjing Jiang, Min Zhou, Yi Jiang. 

Performance analysis of the air-conditioning system in Xi’an Xianyang Interna-

tional Airport. Energy and Buildings. 2013, 59(4): 11-20. 

[6]  Lun Zhang, Xiaohua Liu, Yi Jiang. Experimental evaluation of a sus-

pended metal ceiling radiant panel with inclined fins. Energy and Buildings. 
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2013, 62: 522-529. 

[7]  Kang Zhao, Xiaohua Liu, Yi Jiang. Application of radiant floor cooling in 

a large open space building with high-intensity solar radiation. Energy and 

Buildings. 2013, 66: 246-257. 

[8]  Lun Zhang, Xiaohua Liu*, Yi Jiang. Simplified calculation for cooling/ 

heating capacity, surface temperature distribution of radiant floor. Energy and 

Buildings. 2012, 55(12): 397-404. 

[9]  Stefano Paolo Corgnati, Matteo Jarre. Radiant Floor Behavior in Re-

moving Cooling Loads from Large Glassed Buildings. Proceedings of the 8th In-

ternational Symposium on Heating, Ventilation and Air Conditioning. October 

19-21, 2013, Xi’an, China. 

[10] Le Dréau J., Heiselberg P. “Comparison of the thermal performances of 

radiative and convective terminals: A conceptual approach”. PLEA 2012 Lima 

Peru - Opportunities, Limits & Needs: Towards an environmentally responsible 

architecture. 2012. 

[11] Le Dréau J., Heiselberg P. “Sensitivity analysis of the thermal 

performance of radiative and convective terminals”. Energy and Buildings 82, 

2014. p. 482-491. 

[12] Le Dréau J., Heiselberg P., Jensen R.L. “A full-scale experimental set-

up for assessing the energy performance of radiant wall and active chilled beam 

for cooling buildings”. Building Simulation: An International Journal, 2014. 

[13] Marcos-Meson, Victor; Pomianowski, Michal Zbigniew; E. Poulsen, 

Søren. Experimental and Numerical Investigation of Design Parameters for 

Hydronic Embedded Thermally Active Surfaces. Proceedings of the 6th 

International Building Physics Conference: Building Physics for a Sustainable 

Built Environment. Turin, Italy , 2015. Publication: Conference article in 

proceedings 

[14] Kazanci, O. B., & Olesen, B. W. (2015). IEA EBC Annex 59 - 

Possibilities, limitations and capacities of indoor terminal units. Energy Procedia 

- 6th International Building Physics Conference, IBPC 2015, 78, 2427–2432. 

[15] Bourdakis, E., Kazanci, O. B., & Olesen, B. W. (2015). Load 

calculations of radiant cooling systems for sizing the plant. Energy Procedia - 

6th International Building Physics Conference, IBPC 2015, 78, 2639–2644. 

[16] Kazanci, O. B., & Olesen, B. W. (2015). Thermal indoor environment 

and energy consumption in a plus-energy house: cooling season 

measurements. Energy Procedia - 6th International Building Physics 

Conference, IBPC 2015, 78, 2965–2970. 

[17] Kazanci, O. B., & Olesen, B. W. (2015). Horizontal temperature 

distribution in a plus-energy house: cooling season measurements. In 

Proceedings of the 2015 ASHRAE Annual Conference. American Society of 

Heating, Refrigerating and Air-Conditioning Engineers. Pages:8. 

[18] Kazanci, O. B., & Olesen, B. W. (2014). Air and operative temperature 

measurements in a plus-energy house under different heating strategies. In 

Proceedings of ROOMVENT 2014, 13th SCANVAC International Conference on 

Air Distribution in Rooms (pp. 312-319). Sao Paulo: Institute for Technology 

Research - IPT and Jovem Benedicto de Moraes. 

http://vbn.aau.dk/da/persons/michal-zbigniew-pomianowski%2840f39a4e-f7e9-4667-be54-f7ef9cbbefd8%29.html
http://vbn.aau.dk/da/publications/experimental-and-numerical-investigation-of-design-parameters-for-hydronic-embedded-thermally-active-surfaces%2815a8b843-cd42-4b09-93dd-c605a316fbad%29.html
http://vbn.aau.dk/da/publications/experimental-and-numerical-investigation-of-design-parameters-for-hydronic-embedded-thermally-active-surfaces%2815a8b843-cd42-4b09-93dd-c605a316fbad%29.html
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[19] Pavlov, G. K., Olesen, B. W., Skrupskelis, M., & Kazanci, O. B. (2012). 

Ground source heat pump combined with thermo-active building system with 

incorporated PCM for low-energy residential house. In Proceedings of Innostock 

2012: The 12th International Conference on Energy Storage. Pages:10. 

[20] Li, R., Yoshidomi, T., Ooka, R. & Olesen, B. W. (2015). Field evaluation 

of performance of radiant heating/cooling ceiling panel system. Energy and 

Buildings 86, p. 58–65. 

[21] Olesen, B. W., & Kazanci, O. B. (2015). State of the Art of HVAC 

Technology in Europe and America. In Proceedings of the World Engineering 

Conference and Convention (WECC2015). Kyoto. Pages:6. 

 

Subtask C 

 

[1]  Rang Tu, Xiaohua Liu, Yi Jiang. Performance analysis of a two-stage 

desiccant cooling system. Applied Energy. 2014,113:1562-1574. 

[2]  Rang Tu, Xiaohua Liu, Tao Zhang, Yi Jiang. Application of heat pump 

driven two-stage desiccant wheel system in office buildings. ASHRAE Winter 

Conference, Jan. 2014, New York, USA. 

[3]  Yuwei Zheng, Xiaohua Liu, Rang Tu. Numerical analysis on the perfor-

mance of two-stage desiccant wheel system. 9th International Conference on 

System Simulation in Buildings, Liege, December 10-12, 2014. 

[4]  Rang Tu, Xiaohua Liu, Yi Jiang. Performance analysis of a new kind of 

heat pump-driven outdoor air processor using solid desiccant. Renewable Ener-

gy. 2013, 57(9): 101-110. 

[5]  Tao Zhang, Xiaohua Liu, Yi Jiang. Performance comparison of liquid 

desiccant air handling processes from the perspective of matched properties. 

Energy Conversion and Management. 2013,75(11): 51-60. 

[6]  Rang Tu, Xiaohua Liu, Yi Jiang. Performance comparison between en-

thalpy recovery wheels and dehumidification wheels. International Journal of 

Refrigeration. 2013,36(8):2308-2322. 

[7]  Tao Zhang, Xiaohua Liu, Yi Jiang. Performance optimization of heat 

pump driven liquid desiccant dehumidification systems. Energy and Buildings. 

2012, 52(9): 132-144. 

[8]  Pomianowski, Michal Zbigniew; Andersen, Christian Hede; Heiselberg, 

Per Kvols. Technical potential of evaporative cooling in Danish and European 

condition. Proceedings of the 6th International Building Physics Conference: 

Building Physics for a Sustainable Built Environment. 2015. 261.Publication: 

Conference article in proceedings 

 

Subtask D 

 

[1]  Stefano Paolo Corgnati, Enrico Fabrizio, Marco Filippi, Valentina 

Monetti, Reference buildings for cost optimal analysis: Method of definition and 

application, Applied Energy, Volume 102, February 2013, Pages 983-993 (ISSN 

0306-2619). 

[2]  Tao Zhang, Xiaohua Liu, Yi Jiang. Development of temperature and 

http://vbn.aau.dk/da/persons/michal-zbigniew-pomianowski%2840f39a4e-f7e9-4667-be54-f7ef9cbbefd8%29.html
http://vbn.aau.dk/da/persons/michal-zbigniew-pomianowski%2840f39a4e-f7e9-4667-be54-f7ef9cbbefd8%29.html
http://vbn.aau.dk/da/persons/per-heiselberg%2815d3f5ab-c685-4f67-8d28-2953a518e6da%29.html
http://vbn.aau.dk/da/persons/per-heiselberg%2815d3f5ab-c685-4f67-8d28-2953a518e6da%29.html
http://vbn.aau.dk/da/publications/technical-potential-of-evaporative-cooling-in-danish-and-european-condition%28a16c6d56-4dc3-4c3a-b201-9b14b5d56a1a%29.html
http://vbn.aau.dk/da/publications/technical-potential-of-evaporative-cooling-in-danish-and-european-condition%28a16c6d56-4dc3-4c3a-b201-9b14b5d56a1a%29.html
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humidity independent control (THIC) air-conditioning systems in China - A re-

view. Renewable and Sustainable Energy Reviews. 2014,29:793-803 

[3]  Goia F., Perino M., Serra V., Experimental analysis of the energy per-

formance of a full-scale PCM glazing prototype, SOLAR ENERGY, pp. 17, 2014, 

Vol. 100 

[4]  Serale G., Cascone Y., Capozzoli A., Fabrizio E., Perino M., Potentiali-

ties of a Low Temperature Solar Heating System Based on Slurry Phase Change 

Materials (PCS) , ENERGY PROCEDIA, pp. 9, 2014, Vol. 62. 

[5]  Serale G., Baronetto S., Goia F., Perino M., Characterization and ener-

gy performance of a slurry PCM-based solar thermal collector: a numerical 

analysis, ENERGY PROCEDIA, pp. 10, 2014, Vol. 48 

[6]  Baronetto S., Serale G., Goia F., Perino M., Numerical Model of a Slur-

ry PCM-Based Solar Thermal Collector, LECTURE NOTES IN ELECTRICAL 

ENGINEERING, Volume 263, In: Proceedings of the 8th ISHVAC, Springer-

Verlag Berlin Heidelberg 2014. 

[7]  Wenke Zhang, Hongxing Yang, Lin Lu, Zhaohong Fang. Investigation 

on heat transfer around buried coils of pile foundation heat exchangers for 

ground-coupled heat pump applications, International Journal of Heat and Mass 

Transfer, 55(2012) 6023-6031. 

[8]  Wenke Zhang, Hongxing Yang, Lin Lu, Zhaohong Fang. The research 

on ring-coil heat transfer models of pile foundation ground heat exchangers in 

the case of groundwater seepage. Energy and Buildings, 71(2014) 115-128. 

[9]  Wenke Zhang, Hongxing Yang, Lin Lu and Zhaohong Fang, Investiga-

tion on influential factors of engineering design of geothermal heat exchangers, 

Applied Thermal Engineering. . 84(2015) 310-319 

[10] Zhaohong Fang, Nairen Diao, Wenke Zhang, Hongxing Yang, Com-

bined conduction and advection transfer around a buried coil. Proceedings of 

the 8th International Symposium on Heat Transfer, 2012, Beijing, China. 

[11] Wenke Zhang, Hongxing Yang, Lin Lu, Zhaohong Fang, The study on 
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national Conference on Sustainable Energy Technologies, 2013, Hong Kong, 

China. 
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on Sustainable Energy Technologies, Hong Kong, China, Aug 2013, 117-126. 

[14] Yi Man, Hongxing Yang, Yunxia Qu, and Zhaohong Fang. Feasibility 
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