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Introduction
The steam engine is an icon of the heroic phase of 19th century industrialization.  Powering the machinery of factory production - and propelling the vehicles of national and international trade, steam-driven trains and steamboats - the steam engine was a crucial tool of industrial capitalism.  However, before excess steam floated skyward as white puffs, coal had to be burned to heat water and to generate steam.  Part of the residue of coal combustion were gases and particulate matter (or soot), partly visible in the black plumes of smoke escaping smokestacks or chimneys.  These effluents from steam engine operations were contributing to air pollution in cities and air pollution, in turn, was one of the major health hazards in the late 19th and early 20th century city.  Respiratory diseases were prominent.  In Great Britain bronchitis was known as the “British disease” (Elsom, 1995, 477, quoted in Lomborg, 2001, 164).

Here we report on the attempt to take stock of steam engines in late 19th century Toronto.  The 1889 Insurance Plan compiled and published by the firm of Charles Goad is an interesting data source, which is used to construct a location-specific inventory of stationary steam engines in the City of Toronto.  Since the 1889 Insurance Plan provides the strength of almost all steam (and gasoline) engines in horse power, the contribution of each engine and site to air pollution in Toronto could be estimated in future research.  Together with other data, the site-specific steam engine data could be used to generate maps of air quality in the late 19th century city.

Steam engines were, of course, not the only sources of air pollution and therefore we provide a brief outline of the context in which steam engines were used.  A second section in this report discusses in some detail the source for our steam engine inventory, the 1889 Insurance Plan.  Details about data extraction, estimating missing values, and the tabulation of data for easy mapping are described in the third section.  Section 4 contains the chief tables.  In a fifth section the data are summarized and checked for reliability.  Finally, in a sixth section we argue for some potential uses of the steam engine data.

1.  Toronto’s Steam Engines in Context
Steam engines were used by Toronto manufacturers increasingly from the 1850s onward.  The manufacturing section of the 1871 Census recorded some 113 manufacturing firms using steam power (Kealey, 1980, 19-27).  Some of the early engines seem to have been made by the Garthshore firm in Dundas (Ontario), but others came from Montreal, like the Baillet and Gilbert engine installed in the Gooderham and Worts distillery around 1860 (Newell and Greenhill, 1989, 88).  Beginning in the middle of the 19th century more and more Toronto foundry and machinery businesses (e.g. James Good, Dickey, Neill and Co., William Hamilton’s St Lawrence Foundry  and probably one of the largest of the late 19th century machinery firms, the John Inglis company) made steam engines (Ashdown, 1999; Kealey, 1980; Sobel and Meurer, 1994).  Figure 1 shows a small steam engine and a boiler, which were sold by Greey’s Toronto Mill Furnishing Works (Greey, 1888).  Figure 2 shows a 1908 advertisement for a large steam engine made by the Inglis Company (Sobel and Meurer, 1994, 7).
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Fig. 1  Steam engine and boiler as advertised in the 1888 catalogue of the Toronto Mill Furnishing Works (Source: Greey, 1888, pp. 182-183)
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Fig. 2  Steam engine made by the John Inglis Company of Toronto.  Depicted in the Globe Christmas Supplement of 1908 (Source: G.Gad, private collection)

The use of steam engines was inextricably combined with the release of black smoke.  Numerous depictions of late 19th and early 20th century Toronto factories and more comprehensive city panoramas depict the black effluent.  Very often, chimneys and smoke seem to have been regarded as symbols of progress or at least as indicators of industrious plants.  Figures 3-6 provide some illustrations:  Greey’s milling machinery factory at Church Street just north of the Esplanade (Fig. 3) and Christie-Brown’s biscuit factory on Duke (Adelaide) Street two blocks east of  Jarvis Street (Fig. 4).  Fig. 5 shows the letterhead of the Heintzmann piano factory with a fair bit of artistically portrayed black smoke.  (The letter from which the picture is extracted was written in 1902.)  Fig. 6 depicts a detail of the multi-chimney Gooderham and Worts Distillery in the eastern part of the City of Toronto.

All of the above mentioned depictions of smoke rest on company sponsored drawings by graphic artists and some of the renderings of the smoke show considerable artistic license.  Did these artists exaggerate?  Most likely not.  At least from the early 1890s onward photographs also show plumes of black smoke, for instance Fig. 7, which shows a photograph of the Gooderham and Worts Distillery published in 1893 (Consolidated Illustrating Company, 1893, 89).  Also, photographs of the city taken on various occasions and for all kinds of purposes show plumes of black smoke and sometimes a sky darkened by the merging plumes.  For instance, Filey (1970, Fig. 31) shows photos taken eastward from the Queen’s Hotel (later the site of the Royal York Hotel) after the “Bay Street Fire” of 1904.  A darkened sky is visible presumably in the area east of Jarvis Street, while in a south-easterly direction five chimneys are shown, but only two of them with smoke.  (The tallest of the five chimneys is the 90-foot smoke stack of the Toronto Electric Light Company’s generating plant on Wharf 31 at the foot of Scott Street.)  Another smoke-laden sky is shown in a photo, taken from the Harbour in direction of the area between York and Bay streets in 1904 (Fig. 8).  In this photograph, smoke from steamships mingles with smoke from large manufacturing buildings (Cobban Manufacturing Co.) and most likely smoke from railways and other sources.
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Fig. 3  Showing off smoke:  detail of Greey’s Toronto Mill Furnishing Works, 1888 (Source:  Greey, 1888, front cover)
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Fig. 4  Showing off smoke:  Christie, Brown and Company’s biscuit factory (Source:  Adam, 1891, p.176)
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Fig. 5  Showing off smoke:  letterhead of the Heintzman Piano Manufacturing Company, about 1902 (Source: Heintzman letter 5 December 1902; G. Gad, private collection)
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Fig. 6  Showing off smoke:  detail of chromolithograph of the Gooderham and Worts Distillery (Source:  Careless, 1984. p.110; Royal Ontario Museum)
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Fig. 7  Smoke in photographs:  Gooderham and Worts Distillery around 1893 (Source:  Consolidated Illustrating Company, 1893, p.89)
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Fig. 8  Smoke in photographs:  view from Toronto Harbour toward York Street and Bay Street, 1904, detail (Source:  City of Toronto Archives, City Engineer’s Collection, Series 376, File 4, Item 40)

The smoke from fuel combustion in the city came from a variety of sources and there is no simple congruence between manufacturing and steam engine use.  We will report in more detail about the limited use of steam engines in Toronto manufacturing establishments in section 5, but it should be briefly mentioned here that, around 1890, only about 250-300 of Toronto’s 2,100 industrial establishments used steam or gasoline engine power.  There were several other users of steam engines, some of them were “utilities,” like the Toronto Waterworks and the Toronto Electric Light Company, the only facilities with steam engine installations of over 1000 horsepower.  Other non-industrial steam engine users were grain elevators and 23 wood and coal yards (which have to be considered “retail” outlets).  In one case a small, six horsepower steam engine was most likely used to run a cargo elevator (in the Customs House Examination Annex).

These were all stationary steam engines.  There were, of course, many steam engines driving transportation equipment like railway trains (Fig.9) and steamships, including the ferries running between the waterfront and the Toronto Islands.  At least in the first decade of the 20th century there was also construction equipment like steam rollers (Fig. 10).

Steam engines (and the smaller gas engines) were not the only sources of air pollution in late 19th and early 20th century Toronto.  The 1889 Insurance Plan reveals a wide range of manufacturing processes which relied on the combustion of coal and/or wood: there were drying kilns, brew kettles, cupolas for smelting foundry iron, core ovens for drying mould sand, baking ovens and a lot more.  Outside of manufacturing coal and wood were used to provide hot water and heat.  The 1889 Insurance Plan reveals many major buildings with boiler installations (hospitals, prisons, schools, law courts, office buildings, wholesale warehouses, and large retail stores).  Fig. 11 shows an office building of the north-west corner of present-day Queen Street and Bay Street letting off smoke.  Coal and wood were, of course, used in every dwelling for heating in the winter and most likely for cooking all year round.
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Fig. 9  Steam railway locomotive crossing street, 1926, detail (Source:  City of Toronto Archives, Fonds 1244, Item 1155)
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Fig. 10  Steam roller at the foot of Spadina Avenue, 1922, detail (Source:  City of Toronto Archives, Fonds 1244, Item 7268)

[image: image12.jpg]



Fig. 11  Smoke emanating from office building, north-west corner of Queen Street and Bay Street seen from north, detail (Source:  City of Toronto Archives, Fonds 1244, Item 7306)

It is quite clear that the steam engines of the manufacturing industries could have been responsible for only a part of the air pollution in the late 19th/early 20th century city.  This contribution may have varied seasonally.  Factories may have accounted for a greater part of air pollution in the warmer parts of the year when heating for domestic and other buildings was minimally used.  An interesting comment comes from Denmark, where a reporter blamed Copenhagen’s bad summer air exclusively on manufacturing (see Lomberg, 2001, 836, note 1157).  While this blame may have had a base, we would argue that it may have been exaggerated.

It is reasonable to argue that the contribution of coal and wood combustion to bad air was very high in the later 19th and early 20th centuries, but it is not clear when this contribution started to decline.  Steam engines were replaced by electric motors.  Gradually hydroelectric power supplanted coal as primary energy (until the picture changed again after WWII).  There are many reports of the use of electric motors in the 1890s.  However, in the City of Toronto the electricity for these motors was entirely provided by steam-engine driven generators until at least 1906, when Niagara hydro-electric power reached Toronto (Stamp, 1991,7).  Even after that date, manufacturers were not suddenly hooked up with electricity, and some factories had their own steam engine-powered generators to drive their electric equipment.  Thus, the electric age depended on the burning of coal for a considerable time.  (Again in 2004 coal burning electric power plants are the worst polluters in Ontario).

2.  The 1889 Insurance Plan as Data Source
Systematic data on steam engines in 19th and early 20th century Toronto are rare, especially spatially disaggregated data.  There are exceptions, though.  Information about power sources in manufacturing establishments was collected for the censuses of Canada between 1871 and 1911 (and after 1915 in the Manufacturing Industries of Canada annual surveys).  Almost all the data published in the census volumes is at the provincial level (at least for 1871 to 1911).  In the case of the 1871 census, the original manuscript sheets have survived and the “Canadian Industry in 1871” project has made the data widely available (see, for instance, Bloomfield and Bloomfield, 1989).  Kealey (1980) has used this data in his discussion of industrial capitalism in Toronto and Walder (1993) has mapped some aspects of this data for Toronto in Volume II of the Historical Atlas of Canada.

Other sources on steam engines are the insurance plans produced by the Charles Goad company in 1880 and 1889.  Unfortunately, the 1880 Insurance Plan of Toronto only covers the densely developed areas of the City of Toronto and does not provide any information on some of the peripherally located manufacturing establishments.  The revised edition of 1889, however, covers the whole territory of the City of Toronto (and there are sheets for the newly emerging suburb of West Toronto Junction).  The insurance plans, unlike the Goad “city atlases” were made for establishing the risk of fire without having to engage in expensive site inspections.  Therefore, the insurance plans provide detailed building fabric descriptions, including information on flammable materials and all sorts of potential sources of fire, which includes boilers, steam engines, and chimneys.

Figure 12 provides an example of how boilers, steam engines and chimneys are depicted in the 1889 Insurance Plan of the City of Toronto.  (The example factory is the Copland Brewing Company’s East Toronto Brewery at 53-65 Parliament Street between King and Front streets on sheet 19.)  Two boilers are shown in the form of two solid black rectangles.  To the right of these boilers a number with the letters HP in brackets indicates a steam engine; the number 35 indicates the strength of the steam engine in horsepower.  To the left of the boilers is a square symbol with a solid black centre and diagonal lines between centre and the corners of the square.  
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Fig. 12  Detail (enlarged) of sheet 19, Insurance Plan of the City of Toronto, showing steam engine (35 HP), two boilers (solid rectangles) and 55 foot brick chimney (square with diagonals and B.C. 55’)
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Fig. 13  Detail (enlarged) of sheet 13, Insurance Plan of the City of Toronto, showing steam engines, boilers, chimneys, and one gasoline engine (black dot in lower right section)
This is a symbol for a brick chimney.  Also visible are “B.C. 55’” which stands for a brick chimney of 55 feet height.

Another example of the depiction of power equipment is displayed in Fig. 13.  The enlargement of sheet 13 shows details of an area south of Adelaide Street West just west of Bay Street, i.e. at the fringe of what was the CBD in the 1880s.  At number 67 Adelaide Street is a building which houses various factories, which seem to have shared one steam engine of 60 horse power.  Instead of a brick chimney there is a “steel pipe,” indicated by the letters S.P. No height is given.  To the left, at 73-79 Adelaide, the building also houses various factories including printing “offices,” a planing mill cum sash and door factory, a paper box factory, and lead and colour works, altogether at least four factories.  A boiler is indicated and a steam engine of 75 horse -power too.  Although there is a symbol for a brick chimney, no height is given.  Finally, south of W. Dixon’s Carriage Factory, which has no steam engine, at 63 Adelaide Street there is a rear building, accessible by a lane or lesser street.  It houses a machine shop, a piano factory, and a glass beveller.  The black dot in the upper left corner of this building indicates a gasoline engine.  The engine’s strength is five horse power and there is no indication of a brick chimney or of a steel pipe.

A final example of the depiction of steam engines and other coal-based facilities is shown in Fig. 14.  The enlarged detail of sheet 54 of the 1889 Insurance Plan shows parts of the Central Prison.  The Prison, built between 1871 and 1874, included a number of industrial enterprises, which were attracted by cheap labour and were supposed to assist in teaching prisoners skills and discipline (see, for instance, Ashdown, 1999, 137-165).  To the left of the main prison cell block is a building serving as bakery and kitchen; it has a brick chimney symbol, but there is no symbol for a boiler.  Presumably, the building contained at least ovens.  To the north or above the bakery/kitchen building a structure with three boilers can be seen.  Here a 100 horsepower 

steam engine is indicated, as is a brick chimney, without height being given.  In the building is also a (drying) kiln.  To the south/bottom of the bakery/kitchen building is another structure with three boilers and a brick chimney of 70 feet height.  The inscription reveals that the boilers are “heating boilers.”

These examples show the range of data that can be extracted from the insurance plans.  While the various sheets probably show all engines existing in the City of Toronto in 1889, other details are not always given.  In a few cases there are no numbers for horsepowers in the brackets; in many cases the heights of chimneys or steel pipes are not provided or there is no indication of an exhaust device at all.  Often the strength of the gasoline engine is not indicated.  We do not know how complete the data on heating boilers is.  Only in the case of major buildings are boilers (without steam engines) indicated.  There is no data on how large these boilers were.  Although, the data is not convincing beyond that for steam engines, there is a plethora of “evidence” of coal consuming equipment on the sheets of the insurance plan.

3.  Data Extraction, Estimating Missing Values and Data Tabulation
Data was extracted from the 1889 Insurance Plan by carefully inspecting every building outline on every one of the 92 sheets.  (Although, the sheets are numbered 1-162, there are many numbers for which sheets had not been produced by 1889, because certain areas were not yet developed.)  Features that were looked for and were entered into a spreadsheet were the following:

· The presence of a steam engine marked by the (HP) sign.

· Strength of the steam engine marked by the number preceding the HP in the bracket.

· The presence of a gasoline engine.

· The strength of the gasoline engine in HP.

· All boiler symbols and the number of boilers on a site.

· The presence of a brick chimney or of a steel pipe or any other venting device.

· The height of a brick chimney or other venting device.

· The street address of a site or another location description (e.g. wharf number or block face limits) if there was no street number marked.

· The name of the business or institution if marked on the insurance plan.

· The type of business by sector or industry or simply the product made at the location if that is the only available information.

· The sheet number of the insurance plan and  a note about the quadrant on the sheet where a site was found.

Altogether 210 steam engine sites, 58 gasoline engine sites, and 26 “boiler” only sites were discovered and entered into the spreadsheet.  While we are quite confident that we did not miss any steam or gasoline engines, we do not know how comprehensive and careful the makers of the 1889 Insurance Plan were.  We address this issue in more detail in section 5.  However, it was immediately clear during data collection that there were a number of missing values.

Of the 210 steam engines found, 14 did not have the strength of the steam engine marked.  In several cases the 1889 plan was updated from the 1880 plan and the update “stickers” appeared in black on the photocopies of the 1889 plan; also, the “stickers” did not include updates on the steam engines.  In two of these cases we used the 1880 Insurance Plan as a second best source.  In one case, the John Abell factory, we used an 1893 publication (Toronto Illustrated 1893) as data source.  The other 11 missing values were estimated by taking the average of the known steam engine strengths by industry of the firm or facility for which the value was missing.

In the case of gasoline engines there were missing values for 7 of the 58 engines.  An analysis of the 51 values showed a close proximity of average (6.4), mode (6) and median (6) values and 6 horsepower were used to fill the voids.

Data on chimneys were far from reasonable.  For the 210 steam engine sites we only found chimney height values for 65.  Three of the missing values could be calculated by noting measures that were given as “x feet above roof.”  Since the insurance plans provide the number of floors by building sections, we multiplied the number of floors by 15 feet and added the value of the “height above the roof.”  In other cases we were forced to make crude estimates.  A plot of chimney heights against steam engine strength did not show a high degree of correlation, although when engines had more than 60 HP chimney height seemed to be related to strength.  After careful study of the scattergram and some calculations of mean chimney heights for horsepower intervals, we arrived at the following chimney height estimates:

  1-30 HP , 40 feet

31-60 HP , 65 feet

   >60 HP , 95 feet.

The lowest chimneys of 40 feet are hardly above the rooflines of the three storey buildings that the City consisted of in the late 1880s.  However, it has to be kept in mind that many of these smaller chimneys were in locations where the building fabric had a rather low profile (e.g. along the waterfront) or where sites were rather large (e.g. wood and coal yards).  The factories or utilities with large steam engines clearly had rather tall chimneys.  Many photographs of Toronto of the 1890s and early 1900s make the chimney data assembled here quite plausible.

For gasoline engine sites we found very little information about chimneys in the 1889 Insurance Plan.  Maybe these relatively small engines (average 6.4 HP) were vented by steel pipes or just out of the window.  Of the 26 “boiler only” sites, 10 showed chimney heights, including the 173 foot chimney of the Gooderham and Worts Distillery’s general boiler house on Mill Street.  This was by far the highest chimney that we could find.  We have not estimated the heights of the 18 chimneys for which the Insurance Plan provided no values. Estimates could be made by using the relationship between number of boilers and chimney heights in the cases where both are available.

The establishments associated with the steam engines are listed in our database by name and by a business or product label found in the 1889 Insurance Plan.  These establishments could be more systematically labeled according to the Standard Industrial Classification “applied to historical data” worked out by the Bloomfields (Bloomfield and Bloomfield, 1989; for an application for non-census data see Gad, 1994).  It would also be appropriate to cross-check the business labels found in the Insurance Plan with the classification of business in the 1890 City of Toronto Directory.  Also, businesses not labeled in the Insurance Plan could be identified by means of the City Directory.

Street numbers and street names on the sheets of the 1889 Insurance Plan were “updated” using the 1890 Goad City of Toronto Atlas and the 1891 City Directory in order to allow for mapping on a digital street map for 1890.

4.  Data Tabulation

The data collected from the 1889 Insurance Plan are organized in three different tables:


Table 1: Steam Engines (210 cases)


Table 2: Gasoline Engines (58 cases)


Table 3: Boilers Only (26 cases).

The tables are in Excel spreadsheet software -​ a format that is readily translatable into other software.  Each table has the same number of columns and the same column headings (although some of the columns in the Gasoline Engine and Boiler Only tables may be empty).  Each “observation” or case occupies one row, beginning with an identification number.  Identification numbers continue from one table to another, i.e. the steam engine ID numbers go from 1 to 210 and the gasoline engine ID numbers continue with 211.

If there were two steam engines on a small site, the two horse power strengths of these engines was given in sum in the table.  However, in the case of larger sites, such as the Gooderham and Warts Distillery, the several engines and boilers were tabulated separately even if they share a common street address.

The following is a description of the columns used in the spreadsheet databases.  (Below is also tables which provide a condensed version of the data.)

A, id:
An identification number, which is unique to each case or row even between the separate tables.

B, name:
The company or institution name found on the Insurance Plan.  If several factories were grouped around one steam engine, “various factories” was entered.  There are quite a few blanks, because no specifics were given on the Insurance Plan.

C, type:
The type of company or institution or the economic sector into which the observation falls.  In some cases this field is left blank.

D, streetno:
The street number shown on the Insurance Plan and verified using the 1891 City Directory and the 1890 City of Toronto Atlas by Goad.
E, address1:
The name of the street along which the steam engine, gasoline engine, or boiler is located.

F, address2:
In some cases the engines and/or boilers are located in places that have no logical street address. For example, some are located on wharves.  This field provides information intended to aid in the locating of some difficult sites on a map.  For wharf numbers see Appendix B.

G, equipment:
Each case is classed as either a steam engines (SE), a gasoline engine (GE), or a boiler (B) in this field.  This is intended to aid sorting of cases when the three tables are used together.

H, no_boiler:
Number of boilers.  Not applicable in the case of gasoline engines unless a boiler was present for heating unrelated to the operation of the gasoline engine.

I, hp:
The strength of the engine measured in Horse Power.  Not applicable to the Boiler Only cases.

J, hpest_yn:  

Where no HP were indicated for Steam Engines, HPs were estimated in a variety of ways as follows:  “TI93”= information comes from 1893 issue of Toronto Illustrated, “IP80”=information comes from 1880 Insurance Plan, “A”= indicates that HP is an average of the HPs of the other cases of the same type (e.g. all Breweries), “C”= means that the HP is a comparison with another establishment of similar type, “E” means that the HP is the average of the HPs for cases of similar type.

K, chimney_type:
Chimneys are classed as either brick (B), iron clad (I), or blank for unknown.

L, height:
Chimney height in feet.  In some of the steam engine cases the chimney height is estimated.  There are usually no chimneys indicated for gasoline engines.

M, chimest_yn:
An “E” indicates that the chimney height is estimated.  Steam engines with missing chimney heights were given heights based on ranges of steam engine power (see text, section 3).

N, sheet:
1889 Insurance Plan sheet number.

O, quadrant:

Quadrant of the 1889 Insurance Plan sheet in which the case can be found.  “tl”= top left, “tr”= top right, “bl”= bottom left, and “br”= bottom right.

P, notes:
Notes include a relevant information that is not covered under the other fields in the database.

Tables 1-3 attached below show a condensed database.  Only identification number, name of user of site, type of user(s), address, and three key features (number of boilers, strength of steam engine or gasoline engine, and chimney height).

5.  The Reliability of the 1889 Insurance Plan: How Many Steam Engines Were There in Toronto?
In the absence of any other data, it is difficult to judge the reliability of the Insurance Plans as a source.  A framework for evaluating our source is the manufacturing information from the 1871 and 1891 censuses.  The manuscript forms of the 1871 census reveal 113 establishments out of a total of 560 using steam power (Kealey, 1980, 27).  That is 20.2 percent of the industrial establishments.  The tables in the 1891 census do not include any information on the sources of power for Toronto’s industries.  Given that there were about 2,100 manufacturing establishments in the City of Toronto in 1891 according to the census and given that we found only a total of 268 steam and gasoline engines, the share of establishments with power, 12.8 percent, seems very low.  However, a closer look at the 1889, 1871, and 1891 data provides a more satisfying picture.

Our scrutiny of the 1889 Insurance Plan revealed 210 steam engines and 58 gasoline engines.  However, manufacturers were not the only users of these power sources.  There were six grain elevators with steam engines and 12 coal and wood yards with steam or gasoline engines.  Also, the Toronto Waterworks had a large steam engine and there was a small steam engine in the Customs Examining Warehouse (most likely in order to provide power for an elevator).  Thus, there were 20 steam or gasoline engines that were not counted in the manufacturing census (On the other hand, several types of establishments like the electricity generating stations, gas works or railway engine maintenance shops were included in the manufacturing census and we include them here under manufacturing.).  Deducting 20 engines from the total of 268 leaves us with 248 engines.

The 1889 engine count is not exactly equal to the number of manufacturing establishments using power (which the census is interested in counting).  We found 11 steam engine and five gasoline engine sites where power-sharing took place.  As mentioned before, in these cases “various factories” are grouped around a single engine.  If we use a multiplier of 3 for steam engines and a multiplier of 1 for gasoline engines, then 38 establishments that use power are added.  Now the total is 248 plus 38, i.e. 286.  This increases the percentage of all manufacturing establishments using power to 13.6 percent, which is still substantially below the 20.2 percent for 1871.

Two other factors must be taken into account.  First, between 1889 (our count) and 1891 (the census count) two years passed.  There were most likely fewer than the 2,100 establishments in existence in 1889.  How many is anyone’s guess.  A more important factor is the change in Toronto’s industrial structure.  Between 1871 and 1891 Toronto’s garment “industry” increased from 89 to 680 establishments; bakers and confectioners from 33 to 122 establishments.  These were establishments where the use of power was rare.  In industries where the use of power was common if not ubiquitous, the growth in the number of establishments was relatively slow:  breweries and distilleries increased from 7 to 10, the machinery and foundry industry from 36 to 68.  (The slow increase in establishments does not exclude the growth in size of individual firms and the upgrading to more powerful engines.)  If garment making and bakery establishments are excluded from the 1871 and 1891 census counts, the picture begins to change dramatically.  Thus, in 1871 there were 438 establishments of which 113 or 25.8 percent used power.  In 1889/91 the number of establishments would be reduced to 1,307 and the 286 estimated establishments using power would account for 21.9 percent.  Given the circumstance that the total might have been 100 or 200 lower in 1889, we would arrive at very similar percentages of establishments using power for 1889 and 1871.

This rather static picture is still surprising given the rhetoric of “industrialization” in the late 19th century.  However, as remarked briefly above, the low percentage of power users does not rule out the growth of large factories and the use of more power.  In 1871 the total amount of “horsepower” installed in the City of Toronto was only 2,220 HP (Kealey, 1980, 27); our survey of 1889 reveals a total strength of about 9,000 HP.  Even after subtracting the huge 1,000 HP engines of the Waterworks and Toronto Electric Light Company, some 7,000 HP would be left.

Still another question concerns the advent of electrical power.  Electricity generating stations were first built in Toronto in 1883 and 1886 (Stamp, 1991, 17).  The relatively large 1886 plant may have been able to deliver power to a number of small manufacturers in what was then the downtown core.  The use of electricity may have spread quickly: an 1893 publication with numerous “booster-type” company histories lets us identify 21 businesses which used steam engines and 19 which used electric motors (Consolidated Illustrating Company, 1893).  However, at least one company reported that it generated its own electricity, i.e. it used a steam engine and coal as a primary power source.  In the next three decades electricity quickly took over driving the machines in factories.  How much of this electricity was provided by long distance transmission from hydro-plants and how much was provided by in-house steam engines remains a major question.  (There is at least anecdotal evidence that several large Toronto-area manufacturers made their own electricity in the 1910s.)  Thus, the age of electricity did not necessarily mean a quick end to the age of steam - and smoke.

6.  Figuring Out Air Pollution in Late Nineteenth Century Toronto

Until 1906, when Niagara Falls hydro-electric power became first available in Toronto, the city depended entirely on coal and wood combustion for primary energy.  It can be assumed that this method of energy generation was a major if not the most predominant source of air pollution.  (A number of chemical processes in factories or the use of paints and solvents may have been other sources.)  Estimating the total amount of coal and wood combusted over a certain time period and in specific locations is a complex job.  Documenting the spatial distribution of steam engines of various sizes is only a small part of this task.  In the following paragraphs we make some suggestions concerning the various sources of air pollution and indicate the kinds of considerations that have to be taken into account in assembling a comprehensive picture.  The suggestions made are based on the assumption that a spatially differentiated picture of air quality is of interest and that this requires the specific locations of the sources of air pollution.

Industrial and Non-Industrial Steam and Gasoline Engines
The 1889 Insurance Plan allows us to identify all stationary steam and gasoline engines.  The Insurance plan does not provide any information about mobile steam engines, i.e. those used in steam locomotives, steam ships and steam-driven construction equipment.  These were potentially major polluters.  The 1891 census (Bulletin 8, p.10) claims that altogether the factories of Canada were equipped with steam engines of 298,000 horse power; however, railway locomotives altogether generated 540,000 and steamboats 205,000 horsepower.  Stationary steam engines were relatively small, with a Canadian average of 30 horsepower per engine, while locomotives seem to have been powered by 300 horsepower engines (Census 1891, Bulletin 8, pp. 9-10).  Reconstructing the air quality in late 19th century Toronto thus requires some knowledge about the number and paths of steam locomotives and steam ships.  Also, estimates have to be made about the coal equivalents for generating a unit of horsepower and the duration (in hours per day and days per week) of the use of steam engines of all kinds.

Industrial, Commercial, Institutional, and Domestic Users of Coal and Wood
Apart from generating steam for engines of all kinds, coal and wood were used for other purposes.  Insurance Plan and other data will allow the identification of industrial establishments which used fuel for processes such as melting iron, drying wood and food processing, especially baking.  While heating boilers for large institutional and commercial users are identified in the Insurance Plan, more research is required to figure out how the large number of smaller office buildings, warehouses and shops were heated.  Finally, it is important to gain some knowledge of domestic fuel consumption for heating and cooking purposes.  Since Insurance Plans provide an excellent picture of the configuration of the spaces to be heated, estimates of fuel consumption can be made for a range of typical households or dwelling units.

It should not be very difficult to figure out the quality of coal which was used in Toronto in the 1880s and 1890s, since most of it came from Pennsylvania and Ohio.  However, it may be more difficult to determine the mix of coal and wood and the quality of wood.  (In the case of some factories with steam engines the Insurance Plan reveals that the fuels used were “coal and [wood] shavings.”)

With more research on the sources of fuel and the uses of fuel, a fairly detailed spatial picture of daily emissions can be constructed.  This daily map can be used with further information on weather and airflow conditions in order to model air quality in Toronto.
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