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The Top-Global Universities in Japan (2014.10) 

 7 Central National Universities and 1 Technical University 
– Hokkaido University 
– Tohoku University 
– University of Tokyo 
– Nagaoya University 
– Kyoto University 
– Osaka University 
– Kyushu University 
– Tokyo Institute of Technology 

• 2 Majour private Universities 
– Waseda University 
– Keio Universoty 

• 3 Emerging Universities 
– Tsukuba University 
– Tokyo medical and dental Universities  
– Hiroshima University 

 

 



Hokkaido University: 138 years history  
• 1876  Sapporo Agricultural College was established. 

• 1997 The faculty of engineering have shifted its emphasis 
from the undergraduate program toward the graduate one. 

• 5,000 for  the total staff  
– 2,500 for  the academic staff 
– 2,500 for the clinical/ technical staff 

 • Total amount of students :  20,000 students 
• Graduate students:  7,000 students 

• 3,000 doctoral course students 

• 4,000 master course students 

• Undergraduate students: 13,000 students 

• Foreign students: 1600  (80 from Europe, but nobody from Ireland) 

• Graduate School of Engineering 
    Staffs  : total 620 

 440 for teaching staffs and 180 for non teaching staffs 
• 140 full professors, 140 associate professors, 160 instructors 

• Students: total 5,000 
– 1,800 graduate students  (600 PhD students) 
– 3,200 undergraduate students 

• 12 faculties and schools for under graduate 
• 19 post graduate schools 
• 28 Research Institutes and Centers 



Prof emeritus. Akira Suzuki of Faculty of Engineering, Hokkaido University 

 received Nobel Prize in Chemistry in 2010 

http://ord.yahoo.co.jp/o/image/SIG=13c0v0r64/EXP=1424822763;_ylc=X3IDMgRmc3QDMARpZHgDMARvaWQDQU5kOUdjUk41WFF4aklLQk04cXk5SlVFVndySmRZeDdoMGNPREk5emdMcUtEWHI1ZDltZnJWY194Tl9lOFNZBHADNVl5WDVyVzM2WUdUNWFTbjVhMm1JT09EanVPRHZPT0RtZU9EcS5pem5pRG1qb2pvczU3bHZJOC0EcG9zAzIEc2VjA3NodwRzbGsDcmk-/**http%3a//afpbb.ismcdn.jp/mwimgs/b/0/500x400/img_b0e8c44fe899ff2384f467c3eb954d4b149771.jpg




Education and Research for the Healthy and Sustainable environment 

Create Only-One Technologies 
in the field of facility engineering and urban environment  

Policy; Challenging Spirits 

１. Hop:  Basic material and device R&D for “Only-One” technologies  
２. Step: R&D for  machines and Systems, and System Simulation Techniques 

３. Jump:  Installation of developed devices and systems into actual 
buildings, then its evaluation and LAC  

Environmental System Research Labo (Nagano Laboratory) 

Achieve  

both sustainable  

and comfort 

living space 

 
・Passive and active humidity control 

・Ground thermal energy 

・Solar energy 

・Heat pump application 

2.  Sustainable Buildings and Environment 

･ZEB(Net Zero Energy Building) 

･ZEH（Net Zero Energy House) 

1. Effective use of Renewable Energy 
Recourses→Passive and Active techniques 

･Smart Community 

3. Healthy living space 

・Higher Indoor Quality control 

・Energy storage 

・Heat pump application 

・Thermal insulation and windows 



Prof. Dr. Katsunori Nagano 

Assoc. Prof. Dr. Takao Katsura 

Assoc. Prof. Dr. Junya Togawa * 

Assist. Prof. Dr. Kang Yung-kyon 

Assist. Prof. Dr. Yoshiharu Sakata 

PhD researchers 

                     Dr. Yuuki Nabeshima 

                     Dr. Liu Hongzi 

Tech. Officer Makoto Nakamura  

Secretary Ms. Erika Mori. 

Technical staff.  Chiemi Aoki 

                             Stephen Conway 

                             + 1 more 

 

Guest Prof.  Shigeaki Narita 

 

Mr. Fujii  D3 （Business) 

Mr. Nakamura D3 （ Business ） 

Ms. Wang    D1 （Chinese） 

Mr. Yoshida     D1 （ Business ） 

Mr. Mori  M2 

Mr. Jin  M2 （ Chinese ） 

Mr. Zhai  M2 （ Chinese ） 

Mr. Ogura  M1 

Mr. Suzuki  M1 

Ms. Takigami  M1 

Mr. Morita  M1 

Ms. Yagi         M1 

Mr. Tei  M1 (Chinese) 

Ms. Tasia Rahman   M1 (Bangladesh) 

Mr. Ishima           B4 (M1) 

Mr. Kubo              B4 (M1) 

Ms. Saito              B4 

Ms. Sugino           B4 (M1) 

Ms. Komaki          B4 (M1) 

Staffs; 12 Students; D4, M10, B5 

Staffs and Students in Nagano’s laboratry 
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Staffs and Students in Nagano’s laboratry 



 
 
 
 

Development of desiccant ventilation system  
using natural meso-porous material produced in Hokkaido 

 
Success story of our National project 

on developing a desiccant ventilation using  Wakkanai siliceous shale 
which is natural meso-porous material produced in Hokkaido 

  

Prof. Katsunori Nagano 

Graduate School of Engineering 

Hokkaido University 



Today’s contents; 

1. Background, new concept and objectives 

2. Dehumidification process and advantage of separation of 

sensible and latent cooling demand 

3. Wakkanai Siliceous Shale (WSS) as an adsorbent 

4. Development of a WSS desiccant rotor 

5. Development of a desiccant ventilation unit using a WSS 

rotor and its adsorption performance test 

6. Conclusions 
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1. Background: Energy use of commercial and residential sector  
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1) The annual energy consumption of Japan in 2007 is 400 million kL crude oil equivalent 

Resource: Energy in Japan 2009, Agency for Natural Resource and Energy 

2) The energy use of commercial and residential sector is increasing and it in 2007 

has been 2,5 times compered to that in 1973.  

Its fraction has become 31.4 % of the total energy consumption. 



Energy consumption for heating, cooling and hot water 
supply has occupied 56% in the total energy in household.  

1. Background:  

12 

cooling 
3% 

heatin
g 

22% 

hot 
water 
supply 

31% 

kitchen 
9% 

power 
supply 

and 
lighting 

35% 

Energy consumption in the household in Japan 

Resource: Energy in Japan 2009, Agency for Natural Resource and Energy 

Major issue: 
Reducing energy consumption for 
the air-conditioning, the hot water 
supply and the ventilation in the 
residential and the commercial 
sector is very important. 

56% 



1. Limitation of efficiency; Conventional energy supply system for houses 
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Problem;  
These Work separately!  
        Limit of modifying the 
efficiency of each unit 

複合化： 

2. Gas boiler for 
Hot water supply SA 

RA 

Heating, Cooling, 
Dehumidification 

EA 

OA 

Waste heat  
to atmosphere 

3. Exhaust fan for 
ventilation without 
heat recovery 

1. Air conditioner for 
heating, cooling and 

dehumidification 

1) Concept of compact heat pump unit; 
Integrated system by using exhaust 
heat effectively 

2) Introduction Desiccant process to 
remove latent cooling load; Separation 
Process of Latent and Sensible Heat 

Solutions; 



1. New concept; Compact heat pump unit integrated with desiccant AC 

Hot 
water 
tank 

Desuperheater 

OA 

Desiccant unit 
(dehumidification 
& regeneration) 

Heat exchanger 1: 
            Air source  

Heat 
exchanger 

After cooler 

EA 

SA 

RA 

Evaporator 

Compact heat 
pump unit 

Heat exchanger 2:  
                Ground 
                  source  

14 

This work is supported by NEDO in 2008-2013 

Regenerator 

Multi heat sources 



2007-2010:  NEDO Innovating phase (Leader; Prof. Nagano+ 6 companies, 2million US$) 

2011-2014: NEDO Developing phase (Leader; Prof. Nagano + 7 companies, 7 million US$)) 

2014-2016: NEDO Installation phase (Leader; Sunpot corp., Prof. Nagano assists, 2 million US$) 

 

3. R&D of the Desiccant ventilation heat pump unit;  NEDO project 

For housing purpose For building purpose  

RA 
Waste heat 

Cooling 

Air sourc 

GHEX 

DHW 
SA 

25 mm 

Goal; 35% reduction of primary energy 
consumption of the heating and the air 
conditioning and hot water supply of the house 

Goal: 15% reduction of primary energy 
consumption of the air conditioning of 
the building 



1. Objectives: Developments 

 Compact heat pump unit integrated with desiccant 
ventilation using  

 1) Development of an original desiccant rotor; 
 Base material; Natural meso porous material; 

                                Wakkanai Siliceous Shale  (WSS) 

 Target regeneration temperature at 40oC;  
                      for the effective use of waste heat of air conditioner 
 

2) Development of the desiccant ventilation unit 
  Combination of high performance enthalpy air heat exchanger and a 
desiccant rotor 

 
3) Compact heat pump unit integrated with desiccant ventilation 
        for heating, cooling, ventilation with dehumidification and hot water supply 

16 



Dry bulb temperature 

2. Dehumidification processes: Supercooling and Desiccant 
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Hot air 

Dry air 

Desiccant wheel 

SA 

RA 
EA 

Regenerator 

Cooler 

OA 

1. Conventional system: Dehumidification by supercooling 

2. Desiccant system: Separation of latent and sensible cooling load 

Solar thermal, 
waste heat of CHP etc…  

Silica gel, zeolite, meso-porous 
materials etc. 

Humid air 

Dry air 

Cooling coil 

heating 

Condensed water Dry bulb temperature 
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2. Energy conservation of desiccant air conditioning 
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3. Candidate of adsorbents for desiccant system 
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Solid type 

Silica gel group Zeolite group Polymer type 

Adsorbent Silica gel A type 
Silica gel B 

type 
MCM41 

meso-porous silica 

AQSOA(FAM) 
aluminophosphate 
zeolite (Mitsubishi  

Chemical) 

Sodium          
polyacrylate 

Adsorption 
mechanism 

Chemical 
adsorption 

Physical adsorption 
Chemical and 

physical adsoption 
Sorption 

(Swelling) 

Regeneration 
temperature 

Over 80 ºC 50 – 80 ºC Over 80 ºC 60 – 140 ºC 50 – 70 ºC 

Advantage 
Low humid 
adsorption 

High humid 
adsorption 

Pore distribution 
control 

Low humid 
adsorption 

High water 
Sorption 

Disadvantage 
Life time          
and odor 

Life time     
and odor 

Very expensive Very expensive 
   volume 
expanding 

Characteristics of low price, low regeneration temperature and 
quick response of water adsorption/desorption are required in 
order to apply into an actual desiccant system 



3. Wakkanai Siliceous Shale (WSS):Natural meso porous material 
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Sapporo 

Hokkaido 
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Pore size distribution 

Specific surface area: 
149.0 m2/g 

Pore volume: 
0.368 cm3/g 

Chemical composition 

SiO2 85.99 

Al2O3 6.55 

Fe2O3 5.18 

K2O 1.19 

20.0 µm 

2.0 µm 

Opal-CT 

Wakkanai 

Non-deposition  
SEM photograph 
(×30,000) 

BET surface area 
analyzer; NOVA e, 
QUANTACHROME 
(Nagano’s Lab) 

SEM SU1500, 
 HITACHI HighTech 
(Nagano’s Lab) 





3. Difference between WSS and Normal diatomaceous soil 

SEM of typical diatom 

Spherical lepisphere fine particle 

which consists from nano scale 

flakes made from opal CT 

(Cristobalite-Tridymite) appears. 

It is understood that 
diatomaceous soil changed to 

metamorphic rock. 

50μm 

5μm 
Normal diatomaceous soil 
Of sedimentary rock 

Quartz 

XRD chart of WSS 

(X-Ray: CuKα Power: 40kV, 30mA) 

X-ray diffraction 

 *Meso pores (2nm - 50nm)  

are formulated between fine lepisphere 

Diatomaceous soil 

WSS 

Opal CT 

Opal CT 

  SEM of WSS 
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3. Adsorption isotherms of WSS 
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 Autonomous humidity control 

Dynamic water vapor 
adsorption analyzer; 
HYDROSORB 1000, 
QUANTACHROME Corp. 
(Nagano’s Lab) 
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90 

LiCl 4% 

CaCl2 5% 

Measured temperature：25℃ 

Measured by Hydrosorb1000 

MgCl2 5% 

NaCl 5% 

Sorption performance 



24 

0

50

100

150

200

250

300

0 20 40 60 80 100

相対湿度　[%]

水
蒸
気
吸
着
量
　
[m
g/
g]

Mono layer 

Breathing water vapor autonomously 
RH vs capillary condensation 

RH40% → 32Å 
RH70% → 74Å 
RH90% → 210Å 

Capillary  condensation 

RH 

A
d

so
rp

ti
o

n
 

am
o

u
n

t 

3. Maximum amount of vapor adsorpion amount reaches at 270 mg/g  



3. Commercially available WSS building materials for passive humidity control 

25 



4. Development of Desiccant Rotor 

Micro powder 
collector  

WSS rock 

4.1 WSS powdering process; Submicrometer diameter 

Hammer  
crusher 

Particles  
2.5mm – 100μm 

High speed blade grinder 

Evaluation of the Particle size distribution 
 SLD-2300, SHIMAZU (Nagano’s Lab) 
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HOKKADO 

UNIVERSITY 

Lab of Environmental System Research 

Honeycomb structure for open chemical TES system using air  

2/24/2015 27 

WSS filter 
（Wakkanai siliceous shale (WSS) 80%, binder 20%） 

100 mm 

36 channels/cm2 

232 channels/inch2 

200 mm 

100 mm 

Open 

system  

Heat storage (endothermic) 
hot and dry  

air 

CaCl2·xH2O═ CaCl2+xH2O 

CaCl2·xH2O ═ CaCl2+xH2O 

CaCl2 

CaCl2·xH2O 

regeneration 

hydration 

Low –

temperature and  

moist air 

warm air 

warm and 

dry air 

Heat release (exothermic) 

Honeycomb structure; 

Open chemical TES system 

using air. 

2. Low pressure drop 

1. Large contact area 



4. Development of Desiccant Rotor 
4.2 WSS contained pulp paper process 

Paper weight 100 g/m2 

Thickness 0.2mm 
WSS content :50 wt% 
 

WSS-contained paper 

original paper 

W 1.0m×L 1000 m  

Evaluation of water vapor adsorption/desorption speed 
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WSS paper (4.2g/m2) 

adsorption adsorption desorption desorption 

Paper sample adsorption performance test  dual-chamber 

The arm moves every 

constant minutes 

T and RH 

sensor Dry  

chamber 
Wet 

chamber 



4. Development of Desiccant Rotor 

Paper corrugated Slit process Rewinding paper   WSS-contained paper 

Resin coating process  Cross section  glueing Desiccant rotor 

4.3 Desiccant Rotor producing process 

surface soothing check 

Quality 
control  

Rotation and dehumidification test 



4. Produced WSS desiccant rotor 

Details of developed  
desiccant rotor 

- Diameter 500mm     
Thickness 60mm 
Corrugate cell number 
   300 cells per square inch 
 
1 cell     height  1.2mm 
               width    3.4mm   
 

Chloride salt impregnated for the enhancement of the water adsorption 
;  3.8 g (NaCl + MgCl2)/m2 
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                                   inVENTer GmbH 

http://downloads.german-pavilion.com/downloads/image.php?exhibitor_bild_id=55296&max_width=500&max_height=500
http://www.inventer.eu/
http://www.inventer.eu/


5.  Desiccant ventilation unit with heat recovery element 
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OA-SA 
side 

Temperature 20OC 
Relative humidity 85% 
Absolute humidity 12.5g/kgDA 

RA-EA 
side 

Temperature 40OC 
Relative humidity 39% 
Absolute humidity 18.2g/kgDA 

HEX           Vapor recovery rate 80% 

(1) High efficiency enthalpy 

recovery element; 

Vapor recovery rate ηX : 80% 

OA 

RA 

ηX :80% 
Heating coil 

pre-cooling coil 

20 oC, 
85 %RH 

SA 
(125m3/h) 

Regeneration Air Temp.          

  EA 
(125m3/h) 

Desiccant rotor 

40℃,  
39%RH 30oC, 75%RH 

26oC, 50%RH 

XOA = 20.2 g/kgDA 

X RA  = 10.5 g/kgDA 

(2) Desiccant unit 



5. Dehumidification amount and SA absolute humidity 
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10.4 g/kgDA 

Target amount of removed 
humidity; 9.7 g/kgDA 

By using a high efficiency air enthalpy recovery element,  
  dehumidification amount  increases at lower rotation speed. 

Dehumidification amount Absolute humidity of SA (XSA) 

XOA >> X RA Dehumidification increased with increasing Rotation speed 
XOA < X RA Dehumidification decreased  with increasing Rotation speed 

Regeneration temp. : 40 oC Regeneration temp. : 40 oC 
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5. Design a prototype of a desiccant ventilation system 

Total heat transfer 

FAN 

Heat Exchanger 

Desiccant rotor 

Desiccant system for house use Desiccant system for office building 

Size 1080×2300×450    Flow rate 300–900 m3/hr 

Supply air  29 ºC, 47%RH (XSA = 12.4 g/kgDA) 

  (OA: 30ºC, 75%RH, RA: 26ºC, 60%RH, m3/h) 

Eclectic power  0.7kW 

Size 640×525×1040 

Flow rate 100–230 m3/hr 

Supply air  26.3, 46%RH 

XSA = 9.9 g/kgDA 

   OA: 30ºC, 75%RH 

   RA: 27ºC, 50%RH 

   Flow rate 180m3/h 

Eclectic power  0.46kW 



  5. A developed multifunctional compact heat pump unit for houses 

Desiccant 
AC unit 
 

Heat 
pump 
unit 

Water 
storage 
tang 
(370L) 

Newly developed compact heat pump 
unit with desiccant ventilation unit.  

Separation of sensible heat and 
latent heat by desiccant system 

Fig. schematic drawing of compact Heat 

pump unit for heating, cooling and hot 

water supply with desiccant ventilation. 

COMP 

HEX Water 

hot water 

condenser 

for hot water 

EXP 

evaporator 

Ground source 

dry air 

fan coil 

cool air  

without drain 

heat 

cool 
OA 

shower 
kitchen 

bath 

14 ºC 

Heat pump 

desiccant 



2010 International Symposium on Next-generation Air Conditioning and Refrigeration Technology 
Hokkaido University & Wakkanai Green Factory Co., Ltd. 
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工場実測現場平面図（５F）

Hall

EV

WC.W

WC.M

Object space

SA

OA

SA

RA

EA

RA

Ventilation unit

A B C

FED

PAC

Outdoor

equipment

PAC indoor 

equipment

Area

260.8 m2

20,000

50,650



SA SA

RA RA

A B C

D E F

6. On site test of a developed desiccant AC unit for office building 
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The plan of the verification test site 

SA 

OA 

Outdoor arrangement(desiccant unit)  

CEILING CASSETTE TYPE AIR CONDITIONER 

The measurement site of the plant 

SA 

RA RA 

Total heat transfer element 

Desiccant rotor 

Desiccant rotor 



Specification of the applied system 

2010 International Symposium on Next-generation Air Conditioning and Refrigeration Technology 
Hokkaido University & Wakkanai Green Factory Co., Ltd. 
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Operation mode Developed Conventional 

Ventilation unit Desiccant Commercial products 

Evaporation Temp. 
dew point 

 

(Sensible heat) 

Approx.7 oC 
 

(Condensation) 

Measuring period July – September,2013 (80 days) 

Operating time 7:00 ~ 17:00 

Setting (Room) 26oC, 60 %, 12.6 g/kgDA 

 Building Air conditioner 

Air-conditioner 
Air volume  [m3/h] 

Capacity  [kW] 
Energy  

 consumption[kW] 

Outdoor unit - 56 13.47 

Indoor units 1440 11.2 0.15 

  
 Ventilation Unit 

Ventilation unit 
Flow rate  [m3/h] 

Heat recovery efficiency  Latent /Sensible[%] 
Energy  

 consumption[kW] 

Commercial products 500 66 / 68 0.22 
Desiccant 500 72 / 81 1.5 



Comparison of accumulated energy consumption in summer season  

2010 International Symposium on Next-generation Air Conditioning and Refrigeration Technology 
Hokkaido University & Wakkanai Green Factory Co., Ltd. 
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PAC(Indoor unit) 
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1689 

1117 

Conventional system Developed system 

▲34% 



7. Conclusion 

1. Developed a new desiccant rotor using WSS as 
an absorbent.  

2. Developed a desiccant ventilation unit in the 
combination with a high performance air- air 
enthalpy recovery element.  

3. Prototype units for the office building and for 
the residential house were successfully 
developed. They have been installed in an actual 
building and a house. We proved that their 
performances achieved the target value. 
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