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Abstract 
The paper presents a comparative technical and economical study between a Nuclear 
Heating Plant (NHP) and a Heats Plant (HP) for Mioveni City placement. 

We present the technical features of TRIGA reactor concept for NHP, technical 
characteristics, the system solutions for prototype implementation, the main aspects 
of the economical and financial efficiency and conclusions. 

1. Introduction 
The energy crisis is world wide problem which affects each country by different 
ways because the resources and the consumption are unfairly. The world wide 
researches point out that the fossil fuel sources are not to be considered for long 
term the main energy sources as they are limited. 

Generally, the forecasts regarding the world wide utilizations of energy sources and 
fuel differ. Still, they agree that during the present industrial development stage, 
only coal and nuclear energy can really substitute the gas and oil deposits rapidly 
decreasing. 

In present, the nuclear energy is mainly used for the electric energy generation, 
which represent 17% of the world wide production, at the end of 1990, this 
consumption is cover by 424 Nuclear Power Plants, in 24 countries operated, 
connected to the respective energy systems. 

As mentioned before, till now the nuclear energy utilization is practically limited 
to the generation of electric energy and restrictively the thermal one. The studies 
of primary energy demands, from the finally utilization point of view, shows that 
30% represents the electric energy consumption while 70% is for thermal energy 
consumption. 

It is widely known that these demands are covered mainly, by using the conventional 
fossil and in very small quantity by garbage combustion using biogas and/or other 
resources. 

4-1 



The fossil fuel combustion releases in the air pollutants such as - CO2, NO/NOX, 
CH4, SO2 - which steadily increase the "greenhouse" effect, out of these, only the 
sulphur and azote products can be cleaned from the fuel gas observing the imposed 
value, with important financial efforts, while CO2 cannot be removed in economic 
technological conditions. 

So, all over the world intensive designing and research works are being developed 
in order to supply the industrial and domestic consumers from nuclear resources, 
with the purpose to save the fossil fuel for those activities where this is very 
necessary and cannot be replaced by a similar product with such performance. (See 
table 1). 

Table 1 
Cost district Heating Evaluation 

COST 

SPECIFICATION 
UNIT 

PLANT CAPACITY (Gcal/h) COST 

SPECIFICATION 
UNIT 8.6 50 200 400 

COST 

SPECIFICATION 
UNIT 

1. 2. 3. 4. 5. 6 7. 8. 9. 10 
Installed power Gcal/h «.« 9 <t3 4J.4 *» 1BL4 m too 344 400 

Heating annual power Gcal/y 
*10> 

44 44 3 » o* xu> «M «30 «34 17*0 1710 

Investment mil.S 11.1 4.41 13 M 3.24 l » 130 10.I 24J 21.6 

Decommissioning cost mil.S 
2.1 i . « 2-« •* « J 12 .U 

Operation costs mil.S l .t 1J7I ■-W a*n 6.W 11.23 22.94 H . H 44.45 M.M 

- fuel mil.S 0.M 1.11 J.08 1.71 4.M *M (.1 24.2S 1J.1 43.42 

- operation 
personnel 

mil.S 
O.tt 0.1M M cm* •.«« 0.1*2 QAS 1.73 e.* J . « 

- maintenance mil.S 

O.tt 

0.004 

M cm* 

•■•29 

0.1*2 

4.1 0.1 11.2 tX2 

- other cost mil.S 0.1 OLOM 0.J « j •.08 l .» M 0.1 2.4 0 J 

- amortization mil.S 0.0 0.0X7 y « 3-42 fcU I U •.» 0.7 14.T5 M l 

Cost price S/Gcal 4*.* 31.1 37.2 24.7 3 M 22-« 24.7 St.9 2 5 J 29.1 

Average specific 
cost for de NOx installations 

S/Gcal 
11.09 1.6 S.t M 

Cost considering 
the de NOx 
installations 

$/Gcal 
43.10 3 * 34.7 34.9 

Legend: 1. NHr1 Slowpoke 2. tie 3. NH PSIowpo ke 4 . ] NHP Tttl UA 5. HP "" fi.'N HPTR1C 5A 7 .N HPKWl J 
1x10 MWt 3x3GcaI/h 5x10 MWt 1x53 MWt 2x25 Gcal/h 4x53 MWt 1x200 MWt 

' 8. HP 9. NHP KWU 10.HP 
2x 100 Gcal/h 2x200 MWt 4x 100 Gcal/h 

VOTE : The analysis and the comparative table show that the thermal nuclear plants are economicaly feasible starting with 50 MW(th) average outputs 
and have a higher competitivity compared with the classical solutions using conventional fuel at an estimated cost of about 30S/barrel. 

The alternative for nuclear energy is extremely for the countries in course of 
development. For this the currency efforts to obtain the primary energy resources 
will be more and more difficult. In this direction near electric energy production 
from NPP's or cogenerative energy production we must develop the thermal energy 
production from Nuclear Heating Plant (NHP) for urban district heating or industrial 
uses. 

Romania is one of this country and the prognosis of steam and hot water demand 
in future is shown in table 2. 
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Table 2 
The Evolution of Thermal Power Consumption and Production under the Form 
of Tecnological Steam and Hot Water in Romania, on Structure of Consumers, 
Source and Fuel 

No. SPECIFICATION UNIT 1989 1990 2000 2010 

1. Gross consumption of thermal power 10" Teal 181,7 168,3 198,0 212,0 

2. The heal produced for being delivered, out of which in: 
-NHP 
- HP 

10' Teal 
168,3 155,0 183,6 196,6 2. The heal produced for being delivered, out of which in: 

-NHP 
- HP 

10' Teal 99.9 56.2 33.4 65.6 
2. The heal produced for being delivered, out of which in: 

-NHP 
- HP 

10' Teal 

68.4 98.8 119,3 131,0 
3. Net consumption of thermal power, out of which: 

- main branches of the national economy; 
- population; 
- city hall-social sector 

103 Teal 
162,0 148.0 178,5 191.2 3. Net consumption of thermal power, out of which: 

- main branches of the national economy; 
- population; 
- city hall-social sector 

103 Teal 131.2 112,3 130.0 136.0 
3. Net consumption of thermal power, out of which: 

- main branches of the national economy; 
- population; 
- city hall-social sector 

103 Teal 

23.1 26.1 36.7 42,0 

3. Net consumption of thermal power, out of which: 
- main branches of the national economy; 
- population; 
- city hall-social sector 

103 Teal 

7,7 9,5 11,8 13.2 
4. Heat hourly maximum consumption: 

- hot water; 
- technological steam; 

Total 

4. Heat hourly maximum consumption: 
- hot water; 
- technological steam; 

Total 

Gcal/h 29.845 - 31.996 34.866 
4. Heat hourly maximum consumption: 

- hot water; 
- technological steam; 

Total 
t/h 35.436 .- 39.826 41.397 

4. Heat hourly maximum consumption: 
- hot water; 
- technological steam; 

Total Gcal/h 51.107 - 55.892 64.356 

5. Heat produced for being delivered: 
- on coal; 
- on burning fuel; 
- on natural gas; 
- on other types of fuel 

10s Tcal/h 

168,3 155.0 183.6 196.6 5. Heat produced for being delivered: 
- on coal; 
- on burning fuel; 
- on natural gas; 
- on other types of fuel 

10s Tcal/h 
19,9 15,2 19.5 25.5 

5. Heat produced for being delivered: 
- on coal; 
- on burning fuel; 
- on natural gas; 
- on other types of fuel 

10s Tcal/h 30,3 34,3 56.4 62,8 

5. Heat produced for being delivered: 
- on coal; 
- on burning fuel; 
- on natural gas; 
- on other types of fuel 

10s Tcal/h 

97,3 90,9 90.9 90,9 

5. Heat produced for being delivered: 
- on coal; 
- on burning fuel; 
- on natural gas; 
- on other types of fuel 

10s Tcal/h 

20.8 14,6 16,8 17,4 

6. Fuel consumption for the production of thermal power: 
- coal; 
- burning fuel; 
- natural gas; 
- other types of fuel; 
- nuclear power 

10* tec/an 

28.7 26,7 31.5 34.0 6. Fuel consumption for the production of thermal power: 
- coal; 
- burning fuel; 
- natural gas; 
- other types of fuel; 
- nuclear power 

10* tec/an 
3.6 2.8 3,6 4,7 

6. Fuel consumption for the production of thermal power: 
- coal; 
- burning fuel; 
- natural gas; 
- other types of fuel; 
- nuclear power 

10* tec/an 5.1 5,9 9 .7" 10,8" 

6. Fuel consumption for the production of thermal power: 
- coal; 
- burning fuel; 
- natural gas; 
- other types of fuel; 
- nuclear power 

10* tec/an 

16.4 15.5 15.5" 15,5" 

6. Fuel consumption for the production of thermal power: 
- coal; 
- burning fuel; 
- natural gas; 
- other types of fuel; 
- nuclear power 

10* tec/an 

3,6 2.5 2.7 3.0 

6. Fuel consumption for the production of thermal power: 
- coal; 
- burning fuel; 
- natural gas; 
- other types of fuel; 
- nuclear power 

10* tec/an 

- - -' 10"' 

x) by delivering the heat exclusive for heating plants, it is possible to replace about 10 mil. tec/year of imported fossil 
lei hydrocarbons; 
) these fuel quantities are not completely covered from the country, according to the actual estimations. 

2. Technical features of TRIGA concept 
The technologic solutions of TRIGA concept present some specific features 
comparative with another concept for the thermal reactor used in urban district 
heating. This features are: 

1) TRIGA concept has the best power density, 100 kW/1, comparatively with another 
concept. This features will allowed a small construction, also could be allow an 
uderground placement like an alternate solution for construction; 

2) The TRIGA reactor is the only one concept which used UZrH with a large 
prompt negative temperature coefficient, and very high retention of fission 
products in the fuel matrix; 

3) The average fuel burn-up is the best, 56.000 MWd/t. Only GEYSER and KWU 
concept has 50.000 MWd/t; 

4) The specific consumption of enriched fuel and natural uranium is also the best; 

5) Safety features include passive systems; 
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6) It is not necessary a supplementary shutdown system, the passive safety features 
provide assurance for the plant to be maintained in a safe shutdown condition 
after a reactor trip; 

7) The retention of all fission products in the UZrH fuel provides a small volume 
for radioactive products, this minimization the financial efforts for in-service 
inspection operations and decommissioning operations; 

8) The operation experience of TRIGA reactor shows a small radioactive products 
quantity with low annual value. The fission products treatment station that is 
at INC Pitesti is a supplementary reason to placement the prototype in our 
institute. 

9) All major components, systems, and facilities are designed to be fabricated, 
assembled into modules, and tested in the factory prior to shipment to the site. 

3. Technical characteristics 
The main technical characteristics are present in table 3. Also, we present the 
reactor module in figure 6. 

Table 3 
The Technical Features 

The core design parameters 
Number of assemblies 76 
Fuel rods per assembly 25 
Rod diameter 13.7 mm 
Active rod length 978 mm 
Fuel billets per rod 7 
Active core volume 555 litre 
Average power density 95 KW/lilre 
U - 235 enrichment 19,9% 
Heat exchangers for TRIGA S3 MWt for district heating (intermediate circuit/district 
beating system) 
Shell ID 1.1/1.5 m 
Number passes shell/tube 2/2 si 2/2 
Total surface 2700/5400 m2 

Baffle type rod/rod 
Effective medium temperature difference 11/8.4 V 
Temperature shell in/out 88/133 °C / 

133/88 °C 
Temperature tubes in/out 142/102 °C/ 

70/130 "C 
Flow shell/tube 102/114 t/h / 

102/76 t/h 
The inherent safety characteristics 
The shutdown system the control rods 
The prompt negative temperature coefficient 
of reactivity to the core 

big 

The shutdown system not is necessary 
The primary coolant system conventional 
The shutdown coolant system double, by natural convection 
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Table 4 
The evaluation of the investments value, operating costs, cost price calculation 

Item Solutions UM 
Rnt Variant Second Variant 

Item 

Specifications 

UM 
Rnt Variant Second Variant 

Item 

Specifications 

UM 

Sdutico 1 
1x33 MWl 

Solution 2a 
mCAFlOO 

Solution 2b 
2XCAF30 

Solution la 
2*53 MWl 

Solution lb 
lxtOOMWt 

Solution 2a 
2«CAF50 

Solution 2b 
lxCAFlOO 

0. 1. 2. J. 4. 3. 6. 7. S. 9. 

1. Installed 
capacity 

Gcal/h 100 100 100 300 300 300 300 

2. Heat quantity per year 103 

Gcal/h 
290 290 760 760 760 760 760 

3. Investment mil. USD 32.3 3.42 8.32 94.3 72.0 8.34 3.42 

4. Operation cost mil. USD 7.92 10.64 10.84 21.33 20.19 28.23 28.03 4. 
from which combustible 
costs mil. USD 

331 7.74 7.74 11.24 11.03 . 19.93 19.93 

5. Price 
(cost) 

USD/Gcal 22 J/23.3 36.7 37.4 20.9/28J 18.9/26J 37.1 36.8 

6. Fossil combustible saving tec/year 38.64 77.28 77.28 

7. Currency effort reducing for 
the fossil combustible mil. USD 

6.I0/4.Q2* 12.2/8.04' 12.2/8 JO*' 

8. Atmosphere noxious 
substances reducing 

COjXlO6 

t/year 
132.9 263.< 130.6 

8. Atmosphere noxious 
substances reducing 

SO-xlO6 

t/year 1.173 2.346 1J29 

*) For the next price of combustible: 158$/tec / 104 $/tec 

4. The system solutions for a prototype implementation 

To determinate the optimal capacity we study the next alternatives: 
ALTERNATIVE I 

Solution 1 - 1 NHP x 53 MW, (45,6 Gcal/h) with base load operation; 
- 1 HP from ICN Pitesti with peak load operation (2 x 25 Gcal/h); 

Solution 2a - 1 new HP for Mioveni City (2 x 50 Gcal/h); 
Solution 2b - 1 new HP for Mioveni City (1 x 100 Gcal/h). 

ALTERNATIVE II 
Solution la - NHP 2 x 53 MWt (91,2 Gcal/h) with base load operation; 

- The HPs, from the Cars Factory from Colibasi and 
INC Pitesti with peak load operation; 

Solution lb - NHP 1 x 100 MWt (85,6 Gcal/h) with base load operation; 
- The HPs from the Cars Factory from Colibasi and 

INC Pitesti with peak load operation; 
Solution 2a - The development of HP from the Cars Factory with 

2 x 50 Gcal/h and interconnection with present sources, 
this at peak load operation; 
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Solution 2b - The development of HP from the Cars Factory with 
1 x 100 Gcal/h and interconnection with present sources, 
this at peak load operation. 

5. Aspects of the economical and financial efficiency and conclusions 
The results of economical and financial efficiency are shown in table 4 and figures 
1 - 5. 

In this paper have been analysed the economical and financial efficiency aspects 
for the thermic power delivery from the nuclear heating plant equipped with 
specialized heating reactors for the exclusive heat delivery (as hot water) in the 
specific conditions of industrial city. 

The comparative analysis has been made from the point of view of delivery price 
of the energy (USD/Gcal/h) and using some comparative economical criterions of 
the solutions such as DTC. 

The analysis of the intrinsic economical efficiency of the solutions has been made 
using the DNP criterion "The net current income" and the ration cost/benefit and 
the intern rate of profitableness. 

The resulting of values of the economic comparison lead to the conclusion that 
the TRIGA 53 MWt - Reactor is suitable to the urbane and industrial heating 
systems in our country, for the delivery of the hot water in order to cover the 
heating needs and from now it is possible to realize the feasibility investigation. 

Considering the technical innovation nature of this field results the necessity of 
elaborating a research program well-grounded which must consider the participation 
on the General Atomic supplying company and the international cooperation between 
TRIGA owners group. The proposal program by romanian specialists is shown in 
the table 5. 

The final result of this program could be a prototype of TRIGA reactor concept 
for District Heating. 
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Item Denomination of the objectiv Elaborating period | Observation Item Denomination of the objectiv 
1995 1996 1997 1998 | 1999 | 2000 2001 j 2002 J 

Item Denomination of the objectiv 

I I I I JL. I 41 I I I I ?L i I I 1 TT i I I 
i. Deadline for yours opinions, sugesfions and proposals regarding this pape: 

and oar proposal program * ' 
30.03.1995 

2. Workshop regarding nuclear healing plaol construction- demonstrative - oi 
1NR Pitesti platform and the impact of co-operation between TRIGA owner 
group and the suppling company General Atomics for this project (held a 
INR Pitesti, Romania). 

* 
We intend to organize this meeting in 

may or June 1995 and to visit the INR 
Pilesti platform. 

3. Preafeasibility study elaborated with the TRIOA owners group and thi 
suppling company General Atomics specialists * * 

From now on the elaborating period 
will be affect by the workshop conclu
sions. 

4. Lobby for financial resources to build the prototype. * * Inclusive to onbtain this financial 
support through a research program of 
European Communities. 

5. Feasebility study 
5.1 - Studies reagarding the technological impact over TRIGA owners grou] 
industry, the feasebillty of manufacturing the nuclear components, of (hi 
combustible and the conventional equipments. 
5.2 - Studies regarding (he elaboration of the nuclear security analysis, th< 
standards and the guide book; the public acceptance for the atomic reactoi 
displacement near the populate centers. Accurate studies of the field. 
5.3 - The establishing of the technologic solutions, analysis and dimensioi 
Ihc systems and equipments from the station slructure; finslization of th< 
constructive solutions for nuclear heating and general plan. 
5.4 - Economical-financial analysis finalizing the way of co-operation witl 
(he TRIGA ownera group and (he suppling company, the evaluation of lb< 
main technical-economic indicators. 
5.5 • The elaboration of (he necessary documentation in order to obtain th< 
recommendations and agreements from (he right organizations in accordance 
with the present standards. 

* * * 

6. Technical projects and conditions (of contract) * 
7. Execution details * 
8. Execution period * * * * * * 
9. Set into operation 4 
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Fig. 6 TRIGA Reactor Module 
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